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（atrial natriuretic peptide、以下 ANP）、脳性ナトリウム利尿ペプチド（brain natriuretic peptide、以下
BNP）及びＣ型ナトリウムペプチド（C-type natriuretic peptide、以下 CNP）から構成されている 1, 2。これらのリ
ガンドに対する受容体として、膜結合型グアニル酸シクラーゼであるナトリウム利尿ペプチド受容体 A（natriuretic 
peptide receptor A、以下 NPR-A）、ナトリウム利尿ペプチド受容体 B（natriuretic peptide receptor B、以
下 NPR-B）と、C 受容体(C-type natriuretic peptide specific receptor)の３種が同定されている。これまでの
研究で、NPR-A は膜 1 回貫通型受容体で ANP 及び BNP に対する特異的受容体であり、NPR-B は CNP の特異
的受容体であることが判明している 1, 3。NPR-A と NPR-B は、細胞内領域にグアニル酸シクラーゼ（GC）ドメインを
持つ構造が特徴的である（Figure 1）GC は、グアノシン三リン酸（GTP）を基質として環状グアノシン⼀リン酸
（cyclic guanosine monophosphate、以下 cGMP）産⽣を触媒する酵素である。また、C 受容体は細胞内領
域が短く GC ドメインが存在しないため、⽣理活性は有さずリガンドのクリアランスに関与するとされており、クリアランス受
容体と呼ばれている。リガンドの⾮存在下では、NPR-A および NPR-B はホモ⼆量体またはホモ四量体として存在し、
ANP および BNP 結合はさらなる凝集をもたらさないことが知られている 5。 




下図に⽰したヒト型 ANP（HANP®, Figure 2）は既に急性⼼不全の治療薬として臨床で⽤いられている 7, 8。また、
最近の研究により、ANP または BNP が、⼼肥⼤や線維化を抑制することや、抗炎症作⽤を持つことなども判明し、これ
らのペプチドが慢性⼼不全や、慢性腎不全あるいは閉塞性動脈硬化症など、種々の循環器系疾患治療に有⽤である
可能性が⽰唆されている 8, 9。 





⼦多糖類の HS-142-1 が唯⼀⾒出されているに過ぎない 10。更に HS-142-1 は、NPR-A 及び NPR-B に対する
アンタゴニストである（Figure 3）。 
 
Figure 1. Structure and function of NPR-A 
 













Figure 3. Structure of HS-142-1 
 
このように、これまでに低分⼦化合物の NPR-A アゴニストは報告されていない。本研究の⽬的は、NPR-A を活性化
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第 I 章 ⼆量体化を合成戦略とした⾼活性トリアジン誘導体の創製 
 
I－１）スクリーニング系の構築とリード化合物探索 
 NPR-A アゴニストを創製するにあたり、リード化合物を探索するための in vitro アッセイ系の構築を⾏った。１次スクリ
ーニングは、NPR-A を強制発現させた CHO（chinese hamster ovary）細胞を⽤い、セカンドメッセンジャーである
cGMP の産⽣量を測定する系である。陽性対照をヒト ANP とし、最⼤反応（Emax）の 50%を⽰す濃度（EC50）
を化合物のアゴニスト活性の指標とした。下記に、簡単なプロトコールを⽰す（詳細は実験の部参照）。 
１） NPR-A 発現 CHO 細胞を 96 ウェルプレートに 1×104 細胞/ウェルで播種し、5％⼆酸化炭素ガス下 37℃
で 1 ⽇間培養した。 
２） 細胞を洗浄し、0.5 mM の 3-イソブチル-1-メチルキサンチンの存在下、ヒト ANP または化合物と共に 37℃
で 30 分間インキュベートした。 
３） 0.1M HCl の添加により細胞を破壊し、細胞内 cGMP を溶液に放出した。 細胞 cGMP 濃度は、cGMP ラ
ジオイムノアッセイキット (Molecular Devices Japan 製) を⽤いて測定した。 
構築したこのスクリーニング系に対し、社内化合物をランダムスクリーニングに付した。評価の結果、下記に⽰したトリア
ジン誘導体 I-1 を EC50 値 4.0 μM のアゴニスト活性で得た（Figure I-1）。また、得られたトリアジン誘導体 I-1
のグアニジン部をメチル化した I-2 を合成し評価した結果、アゴニスト活性は⼤きく低下し EC50 値 64 μM を⽰した。こ
の結果、グアニジンのプロトンドナー性としての性質がアゴニスト活性の発現に重要な役割を有していることが明らかとなっ
た。更に、この I-1 と I-2 はイミダゾロン環上のアルキル鎖の位置でラセミ体であるが、ラセミ体の分割よりも合成展開に
よる活性向上を優先した。 
 




 Rotenberg らは、Protein kinase C (PKC) の創製の際、ベンゾラクタム I-A を⼆量体化し、スペーサー⻑が 4 か
ら 20 の炭素原⼦に増加するにつれて、Protein kinase Cα (PKCα)に対する親和性が 100 倍増加することを⽰し、
Ki 値 1.8 nM を⽰す I-B を獲得した（Figure I-2）1。また Jain らは、RNA/DNA ⼆本鎖基質を標的に、ポリメ
ラーゼを阻害するインターカレーターI-C を単量体とし、この I-C を⼆量体化した誘導体 I-D が、逆転写酵素に対する
阻害活性を⼤幅に向上させ、⼆量体化の有⽤性を⽰すことに成功している 2。 
Figure I-2. Examples of improving activity by dimerization 
 
NPR-A は、⼆量体または四量体として存在する事が報告されているため（序章参照）、リード化合物として獲得し







R 1 = alkyl
Linker =
EC 50 = 4.0 M
 I-1
 
Figure I-3. Dimeric Approach to improve agonistic activity 
 
I－3）合成の詳細 
 出発物質を市販の塩化シアヌル I-3 とし、L-ロイシンのメチルエステルを導⼊後、アニリンを反応させて I-4 を合成した
（Scheme I-1）。次いでグアニジンのフリー体1Sを反応させてグアニジンの導⼊とアミノイミダゾロン環を構築した後、
トリフルオロ酢酸 (trifluoroacetic acid、以下 TFA) 塩として I-1 を合成した。構築したアミノイミダゾロン環は、グア
ニジンとの加熱によってラセミ化し、アルキル鎖の位置でラセミ体である。次に、I-4 にテトラメチルグアニジンを反応させ I-
5 を合成した後、グアニジンのフリー体 1S を反応させてアミノイミダゾロン環を構築し、TFA 塩として I-2 を合成した。こ
の I-2 も、I-1 同様にラセミ体として得た。 
 I-1 I-3  I-4
a, b c, d
e c, d




Scheme I-1. Reagents and conditions: (a) L-Leucine methyl ester hydrochloride, DIPEA, CH2Cl2, 0 oC; (b) aniline, 




 次に、トリアジンダイマーの合成法を下記に⽰す（Scheme I-2）。先程の I-3 を出発物質に、各種アミノ酸のメチ
ルエステルを反応させた後、1,4-フェニレンジアミンを⽤いて⼆量体化して I-6a〜I-6c を合成した。次いで、グアニジン




a, b c, d
2TFA
R = Me,  I-6a
R =  iPr,  I-6b
R =  nBu,  I-6c
R = Me,  I-7a
R =  iPr,  I-7b
R =  nBu,  I-7c  
Scheme I-2. Reagents and conditions: (a) R-CH(NH2)CO2Me hydrochloride, DIPEA, CH2Cl2, 0 oC; (b) 1,4-
phenylenediamine, DIPEA, CH2Cl2, r.t.; (c) guanidine free base (1S), EtCN, 100 oC; (d) TFA, r.t. 
 
 続いて、出発物質の I-3 に L-ロイシンのメチルエステルを導⼊後、過剰量の 1,4-フェニレンジアミンを反応させて I-8
を合成した（Scheme I-3）。また、I-3 に L-アラニンのメチルエステルを導⼊して I-9 を合成した。合成した I-8 と
I-9 を反応させて I-10 を合成し、グアニジンのフリー体 1S を反応させてグアニジンの導⼊とアミノイミダゾロン環の構築















Scheme I-3. Reagents and conditions: (a) Me2CHCH2CH(NH2)CO2Me hydrochloride, DIPEA, CH2Cl2, 0 oC; (b) 
1,4-phenylenediamine, DIPEA, CH2Cl2, r.t.; (c) MeCH(NH2)CO2Me hydrochloride, DIPEA, CH2Cl2, 0 oC; (d) 
DIPEA, CH2Cl2, r.t.; (e) guanidine free base (1S), EtCN, 100 oC; (f) TFA, r.t 
  
 出発物質の I-3 に L-ロイシンのメチルエステルを導⼊後、トランス体の 1,4-シクロヘキサンジアミンを⽤いて⼆量体化
し I-12 を合成した（Scheme I-4）。次いでグアニジンのフリー体 1S を反応させてグアニジンの導⼊とアミノイミダゾ











Scheme I-4. Reagents and conditions: (a) Me2CHCH2CH(NH2)CO2Me hydrochloride, DIPEA, CH2Cl2, 0 oC; (b) 
1,4-trans-cyclohexanediamine, DIPEA, CH2Cl2, r.t.; (c) guanidine free base (1S), EtCN, 100 oC; (d) TFA, r.t. 
 
I－4）X 線結晶解析によるトリアジンダイマー化合物の構造決定 
 先程合成した I-13 は、核磁気共鳴（NMR）スペクトルで構造を同定することは出来なかった。そこで、TFA 塩であ





Scheme I-5. Reagents and conditions: (a) MsOH, HCO2H, r.t. 
 





Figure I-4. X-ray crystal structures of compounds I-14 
 
I－5）トリアジンダイマーの構造活性相関 
 合成したトリアジンダイマーの構造活性相関を下記に⽰す（Table I-1）。化合物 I-1 を⼆量体化した化合物 I-




物 I-13 も⾮常に強いアゴニスト活性を⽰した。イミダゾロン環上にノルマルブチル基を有する化合物 I-7c は、EC50 値
2.0 nM と最も強⼒なアゴニスト活性を⽰した（本アッセイ系での hANP の活性は EC50 値 0.1 nM）。獲得した⾼活
性な化合物 I-7c および I-13 はまた、ラット NPR-A 発現 CHO 細胞を⽤いた評価の結果、EC50 値 23 nM および
































Table I-1. NPR-A agonist EC50 values. a NT: Not tested. The concentration of each compound required for half-
maximum accumulation of cGMP (EC50) was derived from analysis of plots of cGMP contents versus log 
concentration of the compound in human (h) or rat (r) NPR-A expressing CHO cells. Maximum cGMP concentration 
induced by human ANP was regarded as 100%. 
 
I－6）トリアジン化合物の結合部位の解析 
獲得した⾼活性トリアジン化合物 I-7c を⽤い、作⽤点の解析を⾏った（Figure I-5）。まず、NPR-A 強制発
現した CHO 細胞に対し、細胞外ドメインのみを NPR-B とした BA キメラ細胞を調製した。同様に、NPR-B 強制発現
した CHO 細胞に対し、細胞外ドメインのみを NPR-A とした AB キメラ細胞を調製した。これら 4 種の CHO 細胞を⽤
いて、先ほどの in vitro 評価を実施した。評価の結果、ANP は NPR-A 強制発現 CHO 細胞と AB キメラ細胞に対し
てのみ活性を⽰した。また、CNP は、NPR-B 強制発現 CHO 細胞と BA キメラ細胞に対してのみ活性を⽰した。それに
18 
 
対し化合物 I-7c は、NPR-A 強制発現 CHO 細胞と AB キメラ細胞に対してのみ活性を⽰し、NPR-B 強制発現
CHO 細胞と BA キメラ細胞に対しては活性を⽰さなかった。これにより、獲得した⾼活性トリアジン化合物は、ANP と同
様に細胞外ドメインに作⽤し、アゴニスト活性を⽰すことが⽰唆された。 
 
Figure I-5. Analysis of binding site using chimeric receptor 
 
I－7）in vivo 評価 
I－7－１）⿇酔ラットにおける利尿作⽤ 
ANP の主要な薬理作⽤の１つに利尿作⽤が挙げられる 3,4。そこで、獲得した⾼活性トリアジン化合物 I-7c と I-
13 の⿇酔下ラットにおける利尿効果を尿量で評価した。ヒト ANP の 10 μg/kg の静脈投与で、ラットの尿量を⼀時
的に増加させた（Figure I-6A）。化合物 I-7c は 1.0 mg/kg の静脈内投与で、I-13 は 0.3 および 1.0 
mg/kg の静脈内投与で⽤量依存的に尿量を有意に増加させた。尿量は投与 10 分後または 15 分後に最⼤となり、
両化合物（1.0 mg/kg）に対する利尿反応は 60 分まで観察された（Figure I-6B、I-6C）。 これらの結果は、






Figure I-6. Effect of human ANP (A), comound I-13 (B) and compound I-7c (C) on urine excretion in anesthetized 
rats. Each bar represent the mean ± SEM in 4 (5% glucose, human ANP and 1 mg/kg of compound I-7c groups) or 5 
(other groups) rats. 
*, ** : P < 0.05 or 0.01 vs. vehicle by Dunnett multiple comparison test. 
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I－7－2）ラット腎臓における cGMP 産⽣亢進作⽤ 
cGMP は ANP のセカンドメッセンジャーであることはよく知られている。3,4 化合物 I-7c および I-13 の静脈内に 30
分持続投与後、ANP の標的組織として知られているラット腎臓における cGMP 産⽣量 5 を測定することにより、in vivo
での NPR-A アゴニスト活性を評価した（Figure I-7）。下記に⽰すように、ANP、化合物 I-13 および I-7c の 30
分持続投与後、⽤量依存的に cGMP を有意に増加させた。また、化合物 I-13 および I-7c の 30 μg/kg/min 投
与後のラット腎臓中の cGMP 含量は、1.0 μg/kg/min のヒト ANP 投与後のものとほぼ同等であった。 これらの結果
は、化合物 I-7c および I-13 が、ラットの腎臓おいて NPR-A を活性化したことを⽰している。 
 
Figure I-7. Effect of human ANP, compound I-13 and compound I-7c in cyclic GMP contents in kidney (A, B)  in 
rats. The compounds were intravenously infused for 30 min.  Each bar represent the mean ± SEM of 4 (human ANP 
0.1 μg/kg/min group) or 5 (other groups) rats. 
*, **: P < 0.05 or 0.01 vs. vehicle by Dunnett multiple comparison test. 
 
Iー8）第 I 章の⼩括 
NPR-A アゴニスト活性を有する⾮ペプチド性低分⼦を⾒出すことを⽬的に、社内のランダムスクリーニングを実施して
新規トリアジン誘導体 I-1 を⾒出し、その活性は EC50 値 4.0 μM であった。活性向上に向けて⼆量体化を展開戦
略とし、合成展開を⾏って獲得した I-7c と I-13 は、それぞれ EC50 値 2.0 nM、EC50 値 8.1 nM と⾼活性を⽰し
た。また、この 2 化合物はラット NPR-A に対しても EC50 値 23 nM、EC50 値 76 nM と⾼活性を⽰したことから、ラット
を⽤いた in vivo 試験を実施した。評価の結果、⿇酔ラットの 1.0 mg/kg の静脈内持続投与で有意に尿量を増加
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第Ⅱ章 NPR-A アゴニスト活性を有する新規チエノピリミジン誘導体、キナゾリン誘導体の発⾒ 
 
II-1) 新たな誘導体の探索と high-throughput screening の実施 
第Ⅰ章で獲得したトリアジン誘導体 I-7c と I-13 は、強⼒な NPR-A アゴニスト活性を有し、in vivo 評価で ANP
様作⽤である cGMP 産⽣亢進作⽤とそれに伴う利尿作⽤を⽰した（Figure II-1）。これにより、世界で初めて
ANP 様作⽤を有する低分⼦化合物を獲得した 1。しかしながら、⾒出したトリアジン誘導体は分⼦量が 700 近くであ












Figure II-1. Structure of potent triazine derivatives I-7c and I-13 
 
 そこで、第Ⅰ章で記した in vitro 評価法を HTS（high-throughput screening）に展開し、第⼀三共（株）
が有するライブラリーを⽤いてより低分⼦量の化合物を探索することを⽬的に化合物スクリーニングを実施した。その結果、
下記に⽰したチエノピリミジン誘導体 II-1, II-2 を新たに⾒出した (Figure II-2)。アゴニスト活性を評価した結果、





Figure II-2. Structure of hit compounds II-1 and II-2 from high throughput screening. 
 
II-2）合成の詳細―チエノピリミジン誘導体の合成 
 出発物質を市販の 3-アミノ-5-フェニルチオフェン-2-カルボン酸のメチルエステル II-3 とし、トリクロロアセチルイソシアネ
ートを反応させてウレア II-4 を合成した（Scheme II-1）2。アンモニアを⽤いてトリクロロアセチル基を脱保護した
後、アルカリ条件下で加熱して閉環し II-5 を合成した。得られた II-5 をオキシ塩化リンでジクロロ化して中間体 II-6
を合成した。この II-6 に各種アミンを反応させて II-7〜II-11 を合成した後、マイクロ波を利⽤して 2 位にアミンを導
⼊し II-12b と II-13a〜II-13c、II-14b、II-15b、II-16b を合成した。II-15b と II-16b のアミノ基をア
セチル化して II-17 と II-18 を合成した。また、II-15ｂに 1-メチル-3-ピペリジンカルボン酸 3 を縮合させて II-19
を合成した。この際、まずは活性向上が認められるかを検証するため、1-メチル-3-ピペリジンカルボン酸は容易に⼊⼿可
能なラセミ体を⽤いた。 
 II-3  II-4  II-5  II-6
a b c
d





Ar = 2-pyridyl,  II-12b





R 2 = H, R 3 = NHAc,  II-17
R 2 = NHAc, R 3 = H,  II-18
R 2 = 1-methylpiperidine-3-carboxamide, R 3 = H, II-19R 1=  a:Et, b: i-Pr, c: i-Bu  
 Scheme II-1. Reagents and conditions: (a) trichloroacetyl isocyanate, THF, r.t., 96%; (b) 7M NH3/MeOH, r.t.; then 
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4M NaOH, 100 °C, 80%; (c) phosphorus oxychloride, N,N-diethylaniline, 110 °C, 93%; (d) Ar-CH2NH2, DIPEA, 
THF, r.t., 60–93%; (e) R1-NH2, H2O, microwave, 160 °C, 69–99%; (f) AcCl, DIPEA, THF r.t., 91–94%; (g) 1-methyl-
3-piperidinecarboxylic acid3, HATU, DIPEA, CH2Cl2, r.t., 72%. 
 
II-3）チエノピリミジン誘導体の初期探索合成 
合成したチエノピリミジン誘導体のアゴニスト活性を Table II-1 に⽰す。チエノピリミジンの 2 位アルキル鎖の変換を
⾏った結果、エチル基を導⼊した II-13a で活性が僅かに向上した。イソプロピル基を導⼊した II-13b は EC50 値
7.9 μM を⽰し、II-2 と⽐較して活性が 2 倍向上した。更に⼤きなイソブチル基を導⼊した II-13c で活性が低下し
たため、今後の展開における２位置換基はイソプロピル基に固定した。次に、4 位ピリジルメチルアミノ基の窒素原⼦の
位置を変換した II-12b と II-14b を合成したが、アゴニスト活性はいずれも II-13b には及ばなかった。続いて、４
位のベンジルアミノ基の置換基であるアセチルアミド基の位置を変換した。アセチルアミド基を 3 位に有する II-17 と 2
位に有する II-18 はそれぞれ EC50 値 45 μＭと 30 μＭと活性の向上には⾄らなかったが、II-18 のアセチルアミド基





























Table II-1. EC50 values of thienopyrimidine NPR-A agonists. The concentration of each compound required for half-
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maximum accumulation of cGMP (EC50) was determined from an analysis of the plots of cGMP contents versus log 
concentration of the compound in human NPR-A expressing CHO cells. Maximum cGMP concentration induced by 





II-20 と II-21 とし、トリクロロアセチルイソシアネートを反応させてウレア II-22 と II-23 を合成した（Scheme II-
2）。アンモニアを⽤いてトリクロロアセチル基を脱保護した後、加熱して閉環し II-24 と II-25 を合成した。得られた




各種フェニル基を導⼊して II-40〜II-50 を合成した。また、II-37 のブロモ基を接触還元で脱ハロゲン化して II-
38 を合成した。 
e, f g
R 1=H, R 2=Br, R 3=2-aminobenzyl,  II-28
R 1=H, R 2=Br, R 3=3-aminobenzyl,  II-29
R 1=H, R 2=Br, R 3=4-aminobenzyl,  II-30
R 1=H, R 2=Br, R 3= trans-4-aminocyclohexyl,  II-31
R 1=Br, R 2=H, R 3= trans-4-aminocyclohexyl,  II-32
d
R 1=H, R 2=Br, R 3=A,  II-33
R 1=H, R 2=Br, R 3=B,  II-34
R 1=H, R 2=Br, R 3=C,  II-35
R 1=H, R 2=Br, R 3=D,  II-36
R 1=H, R 2=Br, R 3=E,  II-37
R 1=H, R 2=H, R 3=E,  II-38
R 1=Br, R 2=H, R 3=E,  II-39
R 1=H, R 2=Ph, R 3=A,  II-40
R 1=H, R 2=Ph, R 3=B,  II-41
R 1=H, R 2=Ph, R 3=C,  II-42
R 1=H, R 2=Ph, R 3=D,  II-43
R 1=H, R 2=Ph, R 3=E,  II-44
R 1=Ph, R 2=H, R 3=E,  II-45
R 1=H, R 2=2-F-Ph, R 3=E,  II-46
R 1=H, R 2=3-F-Ph, R 3=E,  II-47
R 1=H, R 2=4-F-Ph, R 3=E,  II-48
R 1=H, R 2=3-Cl-Ph, R 3=E,  II-49
R 1=H, R 2=3-OMe-Ph, R 3=E, II-50
a b c
R 1=H, R 2=Br,  II-20
R 1=Br, R 2=H,  II-21
R 1=H, R 2=Br,  II-22
R 1=Br, R 2=H,  II-23
R 1=H, R 2=Br,  II-24
R 1=Br, R 2=H,  II-25
R 1=H, R 2=Br,  II-26





A B C D
E
 
Scheme II-2. Reagents and conditions: (a) trichloroacetyl isocyanate, THF, r.t., 80–89%; (b) 7M NH3/MeOH, r.t.; 
then reflux, 88–97%; (c) phosphorus oxychloride, N,N-diethylaniline, reflux, 75–77%; (d) aminobenzylamines or 
trans-1,4-cyclohexanediamine, DIPEA, THF, r.t., 63–84%; (e) isopropylamine, H2O, microwave, 160 °C, 68–98%; 
(f) 1-methyl-3-piperidinecarboxylic acid or nicotinic acid, HATU, DIPEA, CH2Cl2, r.t., 64–99%; (g) phenylboronic 
acids, Pd(PPh3)4, K3PO4, 1,4-dioxane-H2O (2:1), microwave, 130 °C, 37–98%; (h) H2, 10% Pd/C, EtOH, r.t., 86%.  
 
II-4）キナゾリン誘導体の合成展開 
 先程の II-19 のチエノピリミジン⾻格をキナゾリン⾻格へと変換した II-40 は、更に活性が向上して EC50 値 1.4 μ
Ｍのアゴニスト活性を⽰した（Table II-2）。この II-40 の活性向上の要因を、ベンジルアミンへの 1-メチルピペリジ
ン-3-カルボキシアミドの導⼊と考察し、この 1-メチルピペリジン-3-カルボキシアミドの位置の変換を実施した。パラ位へ導
⼊した II-43 は II-40 と同等の活性を⽰すに留まったが、メタ位に導⼊した II-41 は更に活性が向上し、EC50 値
0.72 μＭのアゴニスト活性を⽰した。1-メチル-3-ピペリジンをピリジンへ変換した II-42 の活性が消失したことから、1-
メチル-3-ピペリジニルアミド部分はアゴニスト活性にとって重要であることが明らかとなった。更なる活性向上を⽬指し、キ
ナゾリン 4 位のアミノ基と 1-メチルピペリジン-3-カルボキシアミドの結合様式をシクロヘキサンジアミンへ変換した。合成し
た II-44 は、EC50 値 0.17 μＭのアゴニスト活性を⽰して活性が向上する結果となった。この II-44 のフェニル基の位
置を６位から７位へ変換した II-45 は、アゴニスト活性が⼤きく低下したことから、キナゾリン⾻格におけるフェニル基の
















































Table II-2. NPR-A agonist EC50 values of quinazoline compounds. Effect of amide groups on benzylamine, 
conversion of linker to trans-1,4-cyclohexanediamine and importance of 7-positioned phenyl group. a Racemate, 
except for compound 42. 
 
 そこで、得られた II-44 のフェニル基の置換基変換を検討した。フルオロ基をオルト位、パラ位に導⼊した II-46 と
II-48 は II-44 とほぼ同等のアゴニスト活性を⽰し、活性の向上には繋がらなかった（Table II-3）。しかし、メタ位
に導⼊した II-47 はアゴニスト活性が⼤きく向上し、EC50 値 0.073 μM の強いアゴニスト活性を⽰した。このメタ位の
フルオロ基をクロロ基へ変換した II-49 はアゴニスト活性が低下し、メトキシ基を導⼊した II-50 は更に活性が活性が




































Table II-3. NPR-A agonist EC50 values of quinazoline compounds. Optimization of phenyl group at 7-position on 
the quinazoline ring for improvement of agonistic activity. a Racemate. 
 
II-５）第 II 章の⼩括 
 第 I 章で獲得した⾼活性トリアジン誘導体より分⼦量の⼩さな化合物を探索すべく、第⼀三共（株）のライブラリー
⽤いて HTS を実施した。その結果、ヒット化合物としてチエノピリミジン誘導体 II-1 と II-2 を獲得した。チエノピリミジ
ン⾻格をキナゾリン⾻格へ変換することで活性が向上し、獲得した II-41 は EC50 値 0.72 μM を⽰した。また、リンカ
ー部を 3-アミノベンジルアミンから 1,4-trans-シクロヘキサンジアミンへ変換した II-44 は、EC50 値 0.17 μM と更にア
ゴニスト活性が向上した。更に、キナゾリン 6 位のフェニル基の置換基最適化を⾏って、EC50 値 0.073 μM と強いアゴ
ニスト活性を⽰す II-47 を獲得した。この II-47 は、ヒット化合物 II-1 と⽐較して 350 倍の活性向上を達成した。
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III-1) ヒト NPR-A とラット NPR-A 活性種差と改善に向けた合成展開 
第Ⅰ章で、⾼活性な NPR-A アゴニストであるトリアジン誘導体 I-13, I-7c を発⾒し、ラットへの静脈内持続投与
で利尿作⽤を確認した（Table III-1）1。また、腎臓における cGMP の上昇も確認し、世界で初めて ANP 様作⽤
を有する低分⼦化合物を⾒出した。更に第Ⅱ章では、新たなケモタイプとしてキナゾリン誘導体 II-44 と II-47 を⾒
出した（Table III-1) 2。これらキナゾリン誘導体は、トリアジン誘導体の分⼦量と窒素原⼦数の低減を⽬指し、再

































Table III-1. Comparison between human and rat agonistic activity of quinazoline derivatives. a Diastereomixture. b 
Racemate. 
  
しかしながら、これらキナゾリン誘導体 II-44 と II-47 はヒト NPR-A アゴニスト活性は強いものの、ラット NPR-A に
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対する活性はヒト NPR-A への活性に対し 6〜8 倍程度低下することが明らかとなり、その活性値も EC50 値 0.65〜
1.0 μM であった。キナゾリン誘導体が ANP と同様の NPR-A アゴニスト作⽤を有することを⽰すには、第Ⅰ章でトリア
ジン誘導体が⽰した動物モデルでの cGMP産⽣亢進作⽤と利尿作⽤を⽰す必要がある。そのためには更にラット NPR-
A に対する活性を向上させる必要があるため、合成展開の⽬的を、ヒト、ラット NPR-A に対するアゴニスト活性の種差
を改善し、動物モデルを⽤いた in vivo 試験を⾏って、これらキナゾリン誘導体の NPR-A アゴニスト作⽤を⽰すこととし
た。合成展開を進めるに際し、まずシードとなる化合物のデザインを⾏った(Figure III-1)。先程の Table III-1 に
おいて、II-44 の 7 位フェニル基のメタ位にフルオロ基を導⼊した II-47 は、僅かではあるがラットの活性が上昇してい
る。また、II-44 の 2 位イソプロピルアミノ基にヒドロキシ基を導⼊した III-1 も、僅かながらラットの活性が上昇してい
る。III-1 は、II-44 と II-47 との活性⽐較のためラセミ体の 1-メチル-3-ピペリジンカルボン酸を⽤いて合成した。上









Figure III-1. Design of quinazoline and pyridopyrimidine derivatives for improvement of rat agonistic activity 
 
III-2）合成の詳細 
中間体となるキナゾリン III-14 とピリドピリミジン III-15〜III-17 は、第Ⅱ章に記載した⽅法で合成した
（Scheme III-1）。市販の III-2〜III-5 を出発物質とし、イソシアネートを反応させてウレア III-6〜III-9 を
合成した。アンモニアでトリクロロアセチル基を脱保護した後、加熱による閉環反応を経て III-10〜III-13 を合成し
た。次いで、オキシ塩化リンでクロロ化し、中間体 III-14〜III-17 を得た。得られた中間体 III-14〜III-17 に対
し、1,4-シクロヘキサンジアミンのトランス体、シス体を 4 位に導⼊して III-18〜III-22 を合成した後、マイクロ波を
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利⽤して市販の各種アミンを導⼊して III-23b と III-24a〜III-24f、III-25a〜III-25b、III-26b、III-
27c を合成した。更に、6 位のフェニル基を鈴⽊カップリングで導⼊し、TFA で tert-ブトキシカルボニル基 (tert-






R 1=Br, X=Y=Z=CH,  III-2
R 1=Br, X=N, Y=Z=CH,  III-3
R 1=Cl, X=Z=CH, Y=N,  III-4
R 1=Cl, X=Y=CH, Z=N,  III-5
a b c
R 1=Br, X=Y=Z=CH,  III-6
R 1=Br, X=N, Y=Z=CH,  III-7
R 1=Cl, X=Z=CH, Y=N,  III-8
R 1=Cl, X=Y=CH, Z=N,  III-9
R 1=Br, X=Y=Z=CH,  III-10
R 1=Br, X=N, Y=Z=CH,  III-11
R 1=Cl, X=Z=CH, Y=N,  III-12
R 1=Cl, X=Y=CH, Z=N,  III-13
d
R 1=Br, X=Y=Z=CH,  III-14
R 1=Br, X=N, Y=Z=CH,  III-15
R 1=Cl, X=Z=CH, Y=N,  III-16
R 1=Cl, X=Y=CH, Z=N,  III-17
e f
 a : R 2 =
 b : R 2 =
 c : R 2 =
 d : R 2 =
 e : R 2 =
 f : R 2 =
 trans, R 1=Br, X=Y=Z=CH,  III-18
 cis, R 1=Br, X=Y=Z=CH,  III-19
 cis, R 1=Br, X=N, Y=Z=CH,  III-20
 cis, R 1=Cl, X=Z=CH, Y=N,  III-21
 cis, R 1=Cl, X=Y=CH, Z=N,  III-22
 trans, R 1=Br, X=Y=Z=CH,  III-23b
 cis, R 1=Br, X=Y=Z=CH,  III-24a-f
 cis, R 1=Br, X=N, Y=Z=CH,  III-25a-b
 cis, R 1=Cl, X=Z=CH, Y=N,  III-26b
 cis, R 1=Cl, X=Y=CH, Z=N,  III-27c
 trans, X=Y=Z=CH, R 3=H, R 4=Boc,  III-28b
 trans, X=Y=Z=CH, R 3=F, R 4=Boc,  III-29b
 cis, X=Y=Z=CH, R 3=F, R 4=Boc,  III-30a-f
 cis, X=N, Y=Z=CH, R 3=F, R 4=Boc,  III-31a-b
 cis, X=Z=CH, Y=N, R 3=F, R 4=Boc,  III-32b
 cis, X=Y=CH, Z=N, R 3=F, R 4=Boc,  III-33c
 trans, X=Y=Z=CH, R 3=H, R 4=H,  III-34b
 trans, X=Y=Z=CH, R 3=F, R 4=H,  III-35b
 cis, X=Y=Z=CH, R 3=F, R 4=H,  III-36a-f
 cis, X=N, Y=Z=CH, R 3=F, R 4=H,  III-37a-b
 cis, X=Z=CH, Y=N, R 3=F, R 4=H,  III-38b
 cis, X=Y=CH, Z=N, R 3=F, R 4=H,  III-39c
g
Scheme III-1. Reagents and conditions: (a) trichloroacetyl isocyanate, THF, r.t.; (b) 7M NH3/MeOH, r.t.; then reflux; 
(c) phosphorus oxychloride, N,N-diethylaniline, 110 oC; (d) N-Boc-trans/cis-1,4-cyclohexanediamine, DIPEA, THF, 
r.t.; (e) corresponding amine, EtOH, microwave, 160 oC; (f) phenylboronic acid or 3-fluorophenylboronic acid, 
Pd(PPh3)4, K3PO4, 1,4-dioxane-H2O (2:1), microwave, 130 oC; (g) TFA, CH2Cl2, r.t. 
 
 得られた中間体 III-34b と III-35b に対して縮合反応を⾏い、III-1 と III-40、III-42、III-43 を合成し
た(Scheme III-2)。得られた化合物 III-40 の Boc 基を TFA で脱保護した後、還元的アミノ化を⽤いてイソプロ
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ピル基を導⼊して III-41 を合成した。また、中間体 III-35b にクロロぎ酸 4-ニトロフェニルを反応させた後、3-ヒドロ







Y = H,  III-34b




condition (a), X = H, R 2 = 
condition (a), X = H, R 2 = 
X = H, R 2 =
condition (a), X = H, R 2 = 
condition (a), X = F, R 2 = 
condition (d), X = F, R 2 = 
condition (e), X = F, R 2 = 
III-1
III-40
Scheme III-2. Reagents and conditions: (a) R2-CO2H, HATU, DIPEA, CH2Cl2 or DMF, r.t.; (b) 4M HCl/AcOEt, 
CH2Cl2, r.t.; (c) acetone, AcOH, NaBH(OAc)3, CH2Cl2, r.t.; (d) 4-nitrophenyl chloroformate, DIPEA, THF, 0 oC; 
then 3-hydroxyazetidine hydrochloride; (e) isopropyl isocyanate, THF, r.t. 
 
 これまで 4 位のシクロヘキシル基はトランス体で合成してきたが、シス体のキナゾリン、ピリドピリミジン誘導体を合成した
(Scheme III-3)。中間体 III-36b〜III-36d にシクロプロピルイソシアネートを反応させて III-46b〜III-
46d を合成した。同様に、III-36a〜III-36c と III-36e、III-36f、III-39c にイソプロピルイソシアネートを反
応させて III-47a〜III-47c と III-47e、III-47f、III-48c を合成した。また、III-36a〜III-36c と III-
37a、III-37b、III-38b にクロロギ酸フェニルもしくはクロロギ酸 p-メチルフェニルを反応させた後、市販の各種アミン
を反応させて III-49a と III-50b、III-51b、III-52b、III-53a、III-53b、III-54a、III-54b、III-
55b を合成した 3。更に、III-36b に 1-メチル-3-ピペリジンカルボン酸を縮合させて III-56b を合成した。この III-
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condition
X=Y=Z=CH,  III-36a-f
X=N, Y=Z=CH,  III-37a-b
X=Z=CH, Y=N,  III-38b
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 cis
condition (a), X=Y=Z=CH,  R 2 = 
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Scheme III-3. Reagents and conditions: (a) cyclopropyl isocyanate or isopropyl isocyanate, THF, r.t.; (b) p-tolyl 
chloroformate or phenyl chloroformate, DIPEA, THF, 0 oC; then amines, MeOH, microwave, 100 oC; (c) 1-methyl-
3-piperidinecarboxylic acid hydrochloride, HBTU, DIPEA, CH2Cl2, r.t. 
 
続いて、III-24b に対し、鈴⽊カップリングを⽤いて 2,2-ジメチルエテニル基を導⼊して III-57 を合成した
（Scheme III-4）。得られた III-57 の Boc 基を TFA で脱保護した後、イソプロピルイソシアネートを反応させて
III-59 を合成した。また、III-58 にクロロギ酸フェニルを反応させた後、D-バリノールを反応させて III-60 を合成し











condition (c), R 2 = 




Scheme III-4. Reagents and conditions: (a) 2,2-dimethylethenylboronic acid pinacol ester, Pd(PPh3)4, K3PO4, 1,4-
dioxane-H2O (2:1), microwave, 130 oC; (b) TFA, CH2Cl2, r.t.; (c) isopropyl isocyanate, THF, r.t.; (d) phenyl 
chloroformate, DIPEA, THF, 0 oC; then amines, THF, r.t.; (e) H2, Pd/C, MeOH, r.t. 
 
III-3）in vitro NPR-A アゴニスト活性 
III-3-1）キナゾリン誘導体の in vitro 評価と構造活性相関 
まず、III-1 の 4 位置換基変換によるヒトとラットの NPR-A アゴニスト活性に対する影響を検証した（Table III-
2）。先の III-1 の末端の 1-メチルピペリジンを変換した III-41 は、ヒト NPR-A に対して中程度の活性を⽰したが、
ラット NPR-A に対する活性は低下した。この III-41 のイソプロピルアミノ基をヒドロキシ基へ変換した III-42 は、III-
41 と⽐較してヒト NPR-A に対する活性は低下したが、ラット NPR-A に対しては同程度の活性を⽰した。次いで、III-
42 のフェニル基のメタ位にフルオロ基を導⼊した III-43 は、ヒト、ラット NPR-A に対して共にアゴニスト活性が向上し
た。III-43 のヒドロキシシクロブチルアミノ基を 3-ヒドロキシアゼチジンへ変換した III-44 は、ヒト NPR-A に対する活
性は維持し、ラット NPR-A に対する活性は僅かに低下したが、III-44 のアゼチジンをイソプロピルアミンへ変換した
III-45 は、ヒト NPR-A に対する活性を維持したまま、ラット NPR-A に対する活性が向上した。この III-45 は、トラ
ンス体のシクロヘキサンジアミンを有するが、シス体のシクロヘキサンジアミンへ変換した III-47b は、ラット NPR-A に対
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する活性が⾶躍的に向上し、EC50 値 0.074μM を⽰した。更に、III-47b のイソプロピル基をシクロプロパンへ変換し
た III-46b もラット NPR-A に対して EC50 値 0.18μM と⾼活性を⽰した。アミド誘導体のシス体として合成した III-
56b は、ウレア誘導体のようなラット NPR-A に対する活性向上が認められず、シス体のシクロヘキシルウレア構造がラッ























0.90 1.8 III-42 trans
0.78 3.2 III-56b a cis
 trans









Table III-2. NPR-A agonist EC50 values of quinazoline derivatives. The concentration of each compound required 
for half-maximum accumulation of cGMP (EC50) was derived from analysis of plots of cGMP contents versus log 
concentration of the compound in human NPR-A expressing CHO cells. Maximum cGMP concentration induced by 
human ANP (EC50 = 0.1 nM) and rat ANP (EC50 = 1.0 nM) were regarded as 100%. a Diastereomixture. 
 
 次に、キナゾリン 2 位の変換によるアゴニスト活性への影響を検証した（Table III-3）。先程獲得した III-46b
の 2 位ヒドロキシ基をメチル化した III-46c は、ヒト NPR-A に対するアゴニスト活性に影響はなかったが、ラット NPR-
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A に対するアゴニスト活性は僅かに低下した。この III-46c の D-アラニノールのメチル基に関して、ヒドロキシ基をメチル
化した L-アラニノールを有する III-46d はヒトとラット NPR-A に対してアゴニスト活性が⼤きく低下し、アラニノールの⽴
体に関しては D 体の⽅が活性発現に有効であることが明らかとなった。III-46c のシクロプロピル基をイソプロピル基へ
変換した III-47c は、III-47b (Table III-2)と⽐較してヒト NPR-A に対するアゴニスト活性は僅かに向上する
が、ラット NPR-A に対するアゴニスト活性は 2 倍程度低下した。この III-47c のＤ-アラニノールのメチル基を除去した
III-47e や窒素原⼦上に移動した III-47f はアゴニスト活性が低下することが明らかとなった。更に、D-アラニノール
をイソプロピルアミンへ変換した III-47a やウレア部をメチル化した III-49a においても活性が⼤きく低下することが明
らかとなった。これらのことから、キナゾリン 2 位の置換基は D-アラニノールが活性発現に最も有効であることが⽰され、シ
クロヘキシルウレアのプロトンドナー性の性質が活性発現に重要であることも⽰された。 
















Table III-3. NPR-A agonist EC50 values of quinazoline derivatives. 
 
 そこで、キナゾリンの 2 位を D-アラニノールに固定し、キナゾリン 4 位のウレア部の変換による活性向上を検討した
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（Table III-4）。まず、III-47b（Table III-2）のイソプロピル基にヒドロキシメチルを付与した III-50b は、ヒ
ト、ラット NPR-A に対して僅かな活性向上がみられた。この III-50b のジメチル基をシクロペンタンへと更に⼤きくした
III-51b は、ヒト NPR-A に対するアゴニスト活性は向上したが、ラット NPR-A に対するアゴニスト活性は僅かに低下
する結果となった。そこで、ジメチル基とシクロペンタンの中間の⼤きさにあるバリノールを導⼊した誘導体を合成し、L 体を
導⼊した III-52b はヒト NPR-A に対するアゴニスト活性が向上し、EC50 値 0.041μＭを⽰したが、ラット NPR-A に
対するアゴニスト活性は EC50 値 0.33μＭと低下する結果となった。それに対し、Ｄ-バリノールを導⼊した III-53b は
ヒト NPR-A に対して EC50 値 0.071μＭのアゴニスト活性を⽰し、更にラット NPR-A に対しても EC50 値 0.065μＭの
アゴニスト活性を⽰した。この III-53b の 2 位の D-アラニノールをイソプロピルアミンへと変換した III-53a では、ヒトと
ラット NPR-A に対するアゴニスト活性が⼤きく低下することが明らかとなった。この結果から、キナゾリン誘導体の 2 位 D-
アラニノールのヒドロキシ基がラットに対するアゴニスト活性の発現に重要であることが⽰唆された。この 4 位ウレア部の展















































Table III-4. NPR-A agonist EC50 values of quinazoline derivatives. 
 
続いて、6 位のフェニル基を 2,2-ジメチルエテニル基に変換した誘導体 III-59 と III-60, III-61 の活性評価を
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実施した（Table III-5）。2 位の置換基を D-アラニノールに固定し、ウレア部にイソプロピルアミンを導⼊した III-
59 は、III-47b（Table III-2）と⽐較してヒト NPR-A に対するアゴニスト活性は低下したものの、ラット NPR-A
に対しては 2 倍程度の活性低下に留まった。更に、ウレア部に D-バリノールを導⼊した III-60 はヒト、ラット共に NPR-
A に対するアゴニスト活性が向上し、ヒト NPR-A に対しては EC50 値 0.23μＭを、ラット NPR-A に対しては EC50 値
0.068μＭを⽰した。この III-60 の 7 位オレフィン部を還元した III-61 は活性が⼤きく低下し、７位への置換基導
⼊には SP2 炭素で繋ぐことが重要であることが⽰唆された。ここで得られた III-60 も、III-50b、III-53b と同様に



























Table III-5. NPR-A agonist EC50 values of quinazoline derivatives. 
 
III-3-2）ピリドピリミジン誘導体の in vitro 評価と構造活性相関 
 続いて、ピリドピリミジン誘導体の NPR-A アゴニスト活性を評価した（Table III-6）。8 位に窒素原⼦を有する
III-54b は、III-53b と⽐較してヒト NPR-A に対しては僅かにアゴニスト活性が低下するものの、ラット NPR-A に対
しては強いアゴニスト活性を維持した。それに対し、7 位に窒素原⼦を有する III-55b は、ヒト、ラット共に NPR-A に
対するアゴニスト活性は低下した。III-54b の 2 位の D-アラニノールをイソプロピルアミンに変換した III-54a は、
III-53a（Table III-4）のような活性低下は認められず、更に活性が向上する結果となった。このことから、ピリドピ
リミジン 8 位の窒素原⼦が活性向上に寄与しており、キナゾリン誘導体が有する D-アラニノールのヒドロキシ基と同じ役





























Table III-6. NPR-A agonist EC50 values of pyridopyrimidine derivatives. 
 
III-4）in vivo 評価 
III-4-1）⿇酔下ラットへの IV Infusion 時の cGMP 産⽣作⽤ 
獲得した⾼活性化合物の、持続静脈内投与での cGMP 産⽣亢進作⽤を検証した。8 週齡の雄性 SD ラットを⽤
い、⽤量 0.1、0.3、1.0mg/kg/min を流量 1.0mL/kg/min で 15min 投与し、⾎漿中の cGMP 量を測定した。
第Ⅲ章の合成展開で得たキナゾリン誘導体 III-60 (A)、III-50b (C)、III-53b (D)、ピリドピリミジン誘導体
III-54b (B), III-54a (E)の評価結果を以下に⽰した（Figure III-2）。まず、hANP は 1.0 μg/kg/min 
の静脈内持続投与で有意な cGMP 産⽣亢進作⽤を⽰した。次いで、III-60 は⽤量依存的に⾎漿中の cGMP 産
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⽣亢進作⽤を⽰し、0.3、1.0mg/kg/min の静脈内持続投与で有意に cGMP を産⽣した。また、in vitro で強いア
ゴニスト活性を⽰した III-54b, III-50b, III-53b は⾎漿中の cGMP の産⽣を有意に亢進した。しかし、III-
54a は 1.0mg/kg/min の静脈内持続投与において cGMP 産⽣を亢進する傾向は⾒られたが、有意差は付かなか
った。この結果から、キナゾリン誘導体 III-60 とピリドピリミジン誘導体 III-53b の各 1 化合物を、続くラット利尿作
⽤に供することとした。 
 
Figure III-2. Effect of human ANP (hANP) and the compounds on plasma cGMP concentration in rats. Human ANP 
and the compounds were administered to anesthetized rats by constant intravenous infusion at the doses shown in 
Figure A. Fifteen minutes later, the blood was collected, and plasma cGMP concentrations were measured by 
radioimmunoassay. Each value represents the mean of 3 (Compound B) or 4 (Other compounds) rats ± SE. 
#, *. **; P = 0.062, < 0.05 or < 0.01 vs. vehicle by Student's t-test. 
Compound A: III-60, Compound B: III-54b, Compound C: III-50b, Compound D: III-53b, Compound E: III-54a 
 
III-4-2）⿇酔下容量負荷ラットへの IV Infusion 時の利尿作⽤ 
 次に、⿇酔下容量負荷ラットへの持続静脈内投与時の利尿作⽤を検証した。雄性 SD ラット（6〜8 週齡）を⽤
い、乳酸リンゲル液を、流速 100 mL/kg/hr で 20 分間持続静脈内投与した後 30 分持続投与した（Figure 
III-3）。まず、尿量に関して hANP を⽤いての利尿作⽤を確認した。hANP を⽤量 1.0 μg/kg/min、流速 0.1 
mL/kg/min で 30 分持続投与し、投与後 10 分後から有意に尿量を増加させた（Figure III-3A）。次いで、
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キナゾリン誘導体 III-60 を⽤い、⽤量 0.3 mg/kg/min、流速 0.1 mL/kg/min で 30 分持続投与した。その結
果、投与20分後から有意な尿量増加を確認した。また、ピリドピリミジン誘導体III-54bを⽤いて1.0 mg/kg/min
の持続投与で利尿作⽤を評価し、投与 20 分後から有意な尿量の増加を確認した。キナゾリン、ピリドピリミジンいずれ
の誘導体もラットにおいて ANP と同様に利尿作⽤を⽰した。 
 
 
Figure III-3. Effect of human ANP (hANP), compound A and compound B on urine excretion in the anesthetized 
rats. Each compound was administered into rats by constant intravenous infusion for 30 min (0 to 30 min). Urine 
volume were measured for each 10 min during 30 min before the start of infusion, 30 min infusion period and 30 min 
after the termination of the infusion.  
(A) hANP ; 1 μg/kg/min, (B) III-60 ; 0.3 mg/kg/min, (C) III-54b ; 1 mg/kg/min.  
#, *, ** ; P = 0.05, < 0.05 or 0.01 vs. basal urine volume (−10 to 0 min) in each compound by Student's t-test. 
 
III-5）第 III 章の⼩括 
 第Ⅱ章で獲得したキナゾリン誘導体 II-47 は、ヒト NPR-A に対して EC50 値 0.073μＭの⾮常に強いアゴニスト活
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性を⽰した。しかし、ラット NPR-A に対するアゴニスト活性は EC50 値 0.65μＭとヒト NPR-A に対するアゴニスト活性に
⽐べて 10 倍程度低下することが明らかとなった。ラットを⽤いた薬理試験に向けて、ラット NPR-A に対するアゴニスト活
性の向上を⽬指し合成展開を実施した。その結果、ヒトとラット NPR-A に対するアゴニスト活性の種差改善には、4 位
にシス体の 1,4-シクロヘキサンジアミンを導⼊し、更にウレア構造とすることが重要であった。また、キナゾリン誘導体の 2
位の D-アラニノールのヒドロキシ基もラット NPR-A に対する活性向上には重要であった。しかし、ピリドピリミジン誘導体
では 8 位の窒素原⼦で代⽤可能であることが⽰唆され、2 位にヒドロキシ基導⼊した III-54ｂにおいて相加効果は
認められなかった。合成展開で得られたキナゾリン誘導体 III-50b と III-53b、III-60 及びピリドピリミジン誘導体
III-54a と III-54b は、いずれもラット NPR-A に対して、EC50 値は⼆桁 nＭのアゴニスト活性を⽰した。ラットを⽤
いた静脈内持続投与による cGMP 産⽣亢進作⽤の評価で、III-50b と III-53b、III-60、III-54b は⾎漿中
cGMP 産⽣亢進作⽤を⽰した。また III-60 と III-54b は、ラットを⽤いた利尿作⽤評価を実施した結果、III-60
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た。⾒出した新規トリアジン誘導体のアゴニスト活性は EC50 値 4.0 μM であったため、活性向上に向けて⼆量体化を
展開戦略とし、合成展開を⾏って獲得した I-13 は EC50 値 8.1 nM と⾼活性を⽰した(Figure 4)。この I-13 はラ
ット NPR-A に対しても EC50 値 76 nM と⾼活性を⽰したことから、ラットを⽤いた in vivo 試験を実施した。評価の結
果、⿇酔ラットの 1mg/kg の静脈内持続投与で有意に尿量を増加させた。また、I-13 はラットの腎臓における cGMP
産⽣量を有意に亢進し、NPR-A アゴニスト活性を⽰す新規なトリアジン構造を有する⾮ペプチド性低分⼦を世界で初
めて発⾒した。 
しかし、獲得した⾼活性トリアジン誘導体は分⼦量が 700 近くと⼤きく、窒素原⼦も 20 個有しており、臨床適⽤に
は難しい化合物であった。そのため、より分⼦量の⼩さな化合物を探索するため、第⼀三共（株）のライブラリー⽤いて
HTS を実施した。その結果、ヒット化合物として EC50 値 16 μM の活性を⽰したチエノピリミジン誘導体 II-2 を獲得
した。活性向上のための合成展開を実施し、１）チエノピリミジン⾻格のキナゾリン⾻格へ変換、２）リンカー部の 3-ア
ミノベンジルアミンから 1,4-trans-シクロヘキサンジアミンへの変換、３）キナゾリン 6 位のフェニル基の最適化によって
EC50 値 0.073 μM と強いアゴニスト活性を⽰す II-47 を獲得した。この II-47 は、ヒット化合物と⽐較して 350 倍
の活性向上を達成し、II-47 は分⼦量が 518 g/mol と⼩さく、窒素原⼦の数も 6 と⼤幅に削減できた。 
獲得したキナゾリン誘導体 II-47 は、ヒト NPR-A に対して EC50 値 0.073μＭの⾮常に強いアゴニスト活性を⽰し
たが、ラット NPR-A に対するアゴニスト活性は EC50 値 0.65μＭとヒト NPR-A に対するアゴニスト活性に⽐べて 10 倍
程度低下することが明らかとなった。ラットを⽤いた薬理試験に向けて、ラット NPR-A に対するアゴニスト活性の向上を⽬
指し合成展開を実施した。その結果、ヒトとラット NPR-A に対するアゴニスト活性の種差改善には、１）4 位へのシス
体の 1,4-シクロヘキサンジアミンの導⼊、２）更にウレア構造とすること、３）キナゾリン誘導体の 2 位のイソプロピル基
へのヒドロキシ基の導⼊が重要であった。合成展開で得られたキナゾリン誘導体 III-60 とピリドピリミジン誘導体 III-
54b は、いずれもラット NPR-A に対して、EC50 値で⼆桁 nＭのアゴニスト活性を⽰した。ラットを⽤いた静脈内持続
投与による cGMP 産⽣亢進作⽤評価で、III-60 と III-54b は⾎漿中 cGMP 産⽣亢進作⽤を⽰した。また III-
60 と III-54b は、ラットを⽤いた利尿作⽤評価を実施した結果、III-60 は 0.3 mg/kg/min で、III-54b は
1.0 mg/kg/min の 30 分持続投与で尿量の増加を有意に認めた。これらの結果、獲得したキナゾリン、ピリドピリミジ
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Proton nuclear magnetic resonance spectra (1H-NMR) was recorded on a Brucker ARX-400 or a Brucker Avance 
III (400 MHz) spectrometer in the indicated solvent. Chemical shifts (δ) are reported in parts per million relative to 
the internal standard tetramethylsilane. Fast atom bombardment (FAB) mass spectra were recorded on a JEOL JMS-
700 mass spectrometer. Electrospray ionization (ESI) mass spectra were recorded on an Agilent G1956A MSD 
spectrometer system. Chemical reagents and solvents were purchased from Aldrich, Tokyo Kasei Kogyo, Wako Pure 
Chemical Industries, Ltd., Kanto Kagaku or Nacalai Tesque and used without purification. Flash column 
chromatography was performed using Purif-Pack® SI 30 µm and Purif-Pack® NH 30 µm supplied by Shoko Scientific 
or Merck silica gel 60 (230–400 mesh). Conditions of preparative HPLC purification system are follows; column: 
YMC ODS AMS-5, 20mm×250mm, mobile phase: solvent A=MeCN–H2O (90 : 10), solvent B= MeCN–H2O–
trifluoroacetic acid (50 : 50 : 0.05), gradient: 10 to 50% solvent B in solvent A with 10%/min, UV detector: 254 nm, 
flow rate: 10 mL/min. 
 
I.1.1. Guanidine free base (S1) 
Guanidinium hydrochloride (5.5 g, 58 mmol) was added in one portion to a solution of sodium (1.3 g, 58 mmol) in 
dry ethanol (60 mL) and the resulting suspension was stirred at ambient temperature for 0.5 h. The mixture was 
filtered and the filtrate was evaporated to afford the guanidine free base S1 as a white solid (3.5 g). 
 
I.1.2. (S)-Methyl 2-((4-chloro-6-(phenylamino)-1,3,5-triazin-2-yl)amino)-4-methylpentanoate (I-4) 
To a suspension of cyanuric chloride I-3 (1.8 g, 10 mmol), methyl L-leucinate hydrochloride (1.8 g, 10 mmol) in 
CH2Cl2 (20 mL) was added DIPEA (3.5 mL, 20 mmol) at 0 oC. After stirring at 0 oC for 10 min, aniline (0.9 mL, 10 
mmol) and DIPEA (1.8 mL, 10 mmol) were added to the mixture at 0 oC and the mixture was stirred at room 
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temperature for 2 h. The mixture was diluted with CHCl3 (20 mL) and washed with water, 1M HCl and sat. NaHCO3 
and dried over MgSO4 and filtered. The filtrate was concentrated in vacuo and the residue was purified by silica gel 
column chromatography (AcOEt/hexane; 0:100 to 1:1) to give I-4 as a white solid (3.4 g, 98%). 1H NMR (CDCl3)δ 
= 0.96 (m, 6H), 1.69 (m, 3H), 3.74 (s, 3H), 4.73 (m, 1H), 5.81 (br, 1H), 7.13 (m, 1H), 7.20 (br, 1H), 7.34 (m, 2H), 
7.52 (m, 2H). LRMS (ESI):: 350 (M+H)+ 
 
I.1.3. 1-(4-(2-Amino-5-isobutyl-4-oxo-4,5-dihydro-1H-imidazol-1-yl)-6-(phenylamino)-1,3,5-triazin-2-
yl)guanidine ditrifluoroacetate (I-1) 
To a solution of I-4 (350.2 mg, 1.0 mmol) in propionitrile (5 mL) was added guanidine (S1, 300.1 mg, 5.0 mmol) 
at 100 oC and the mixture was stirred at same temperature for 30 min. After cooling, TFA (2 mL) and water (5 mL) 
were added and the mixture was allowed to stand overnight in the refrigerator. The precipitate was collected and 
dried in vacuo to give I-1 as a white solid (348.1 mg, 60%). 1H NMR (CDCl3)δ = 0.81 (m, 6H), 1.85 (m, 3H), 4.48 
(m, 1H), 7.19 (m, 1H), 7.41 (m, 2H), 7.55 (m, 2H), 8.34 (br, 1H), 8.56 (br, 2H), 9.12 (br, 2H), 10.39 (br, 1H), 11.03 




A solution of I-4 (105.2 mg, 0.3 mmol) and tetramethylguanidine (80.1 mg, 0.6 mmol) in MeCN (2 mL) was heated 
at 80 oC for 10 h. After cooling, the mixture was evaporated and the residue was dissolved with CH2Cl2 (3 ml). The 
organic layer was washed with water and dried over MgSO4 and filtered. The filtrate was concentrated in vacuo and 
the residue was purified by amino silica gel column chromatography (AcOEt/hexane; 0:100 to 1:1) to give I-5 as a 
white solid (118.2 mg, 92%). 1H NMR (CDCl3)δ = 0.94 (d, J = 6.4 Hz, 6H), 1.75 (m, 3H), 2.85 (s, 12H), 3.70 (s, 
3H), 4.77 (br, 1H), 5.20 (br, 1H), 6.78 (br, 1H), 6.98 (t, J = 7.6 Hz, 1H), 7.27 (t, J = 7.6 Hz, 2H), 7.59 (d, J = 7.6 Hz, 





1,1,3,3-tetramethylguanidine trifluoroacetate (I-2) 
A solution of I-5 (43.0 mg, 0.1 mmol) and guanidine (S1, 18.1 mg, 0.3 mmol) in propionitrile (2 mL) was heated at 
100 oC for 30 min. After cooling, TFA (1 mL) and water (1 mL) were added and the mixture was purified by 
preparative HPLC system to give I-2 as a white solid (40.3 mg, 63%). 1H NMR (DMSO-d6) δ= 0.82 (m, 6H), 1.64 
(br, 1H), 1.74 (m, 2H), 2.06 (m, 1H), 3.03 (br, 12H), 4.46 (m, 1H), 7.15 (m, 1H), 7.39 (t, J = 7.6 Hz, 2H), 7.60 (br, 




To a suspension of cyanuric chloride I-3 (2.9 g, 15.7 mmol), methyl L-alaninate hydrochloride (2.2 g, 15.7 mmol) 
in CH2Cl2 (100 mL) was added DIPEA (6.0 mL, 34.5 mmol) at 0 oC. After stirring at 0 oC for 10 min, p-
phenylenediamine (0.7 g, 6.2 mmol) and DIPEA (4.5 mL, 26.0 mmol) were added to the mixture at 0 oC and the 
mixture was stirred at room temperature for 2 h. The mixture was washed with water, 1M HCl and sat. NaHCO3 and 
dried over MgSO4 and filtered. The filtrate was concentrated in vacuo and the residue was purified by silica gel 
column chromatography (AcOEt/hexane; 1:4 to 1:1) to give I-6a as a white solid (1.9 g, 30%). 1H NMR (CDCl3) δ= 
1.51 (d, J = 7 Hz, 3H), 1.53 (d, J = 7 Hz, 3H), 3.78 (s, 6H), 4.63 (m, 2H), 6.08 (br, 2H), 6.27 (br, 2H), 7.44 (m, 6H). 




To a suspension of cyanuric chloride I-3 (184.0 mg, 1.0 mmol), methyl L-leucinate hydrochloride (182.0 mg, 1.0 
mmol) in CH2Cl2 (10 mL) was added DIPEA (3.5 mL, 20.0 mmol) at 0 oC. After stirring at 0 oC for 10 min, p-
phenylenediamine (54.0 mg, 0.5 mmol) and DIPEA (0.2 mL, 1.0 mmol) were added to the mixture at 0 oC and the 
mixture was stirred at room temperature for 2 h. The mixture was diluted with CHCl3 (10 mL) and the mixture was 
washed with water, 1M HCl and sat. NaHCO3 and dried over MgSO4 and filtered. The filtrate was concentrated in 
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vacuo and the residue was purified by silica gel column chromatography (AcOEt/hexane; 1:9 to 1:2) to give I-6b as 
a white solid (290 mg, 47%). 1H NMR (CDCl3)δ= 0.88 (d, J = 7 Hz, 6H), 0.91 (d, J = 7 Hz, 6H), 1.68 (m, 6H), 3.75 
(s, 6H), 4.74 (br, 2H), 5.70 (br, 2H), 7.12 (br, 2H), 7.48 (s, 4H). LRMS (ESI): 621 (M+H)+ 
 
I.1.8. N,N’-di{4-Chloro-6-[(2S)-methoxycarbonyl-pentylamino]-1,3,5-triazine-yl}-1,4-phenylenediamine (I-6c) 
To a suspension of cyanuric chloride I-3 (7.4 g, 40.0 mmol), methyl L-norleucinate hydrochloride (7.3 g, 40.0 
mmol) in CH2Cl2 (40 mL) was added DIPEA (14.0 mL, 80.0 mmol) at 0 oC. After stirring at 0 oC for 30 min, a 
solution of p-phenylenediamine (2.2 g, 20.0 mmol) in CH2Cl2 (40 mL) was added to the mixture at 0 oC and the 
mixture was stirred at room temperature overnight. The mixture was cooled to 0 oC and the precipitate was collected 
and dried in vacuo to give I-6c as a white solid (7.0 g, 57%). 1H NMR (DMSO-d6)δ= 0.88 (t, J = 8 Hz, 6H), 1.32 




4,2-diyl]})diguanidine ditrifluoroacetate (I-7a) 
A solution of I-6a (81.1 mg, 0.2 mmol) and guanidine (S1, 69.8 mg, 1.2 mmol) in MeCN (2 mL) was heated at 80 
oC for 1 h. After cooling, MeCN (1 mL) and 2% TFA solution (1 mL) were added and the mixture was purified by 
preparative HPLC system to give I-7a as a white solid (39.2 mg, 31%). 1H NMR (DMSO-d6) δ= 1.47 (d, J = 7 Hz, 
6H), 4.58 (m, 2H), 7.60 (m, 4H), 8.37 (br, 2H), 8.60 (br, 4H), 9.15 (br, 4H), 10.49 (br, 2H), 11.50 (br, 2H). LRMS 
(ESI): 603 (M+H)+ 
 
I.1.10. N,N’-(1,4-phenylene-di{imino[6-(2-amino-5-isobutyl-4-oxo-4,5-dihydro-1H-imidazol-1-yl)-1,3,5-
triazine-4,2-diyl]})diguanidine ditrifluoroacetate (I-7b) 
A solution of I-6b (62.0 mg, 0.1 mmol) and guanidine (S1, 35.3 mg, 0.5 mmol) in MeCN (2 mL) was heated at 80 
oC for 30 min. After cooling, MeCN (1 mL) and 2% TFA solution (1 mL) were added and the mixture was purified 
by preparative HPLC system to give I-7b as a white solid (14.2 mg, 16%). 1H NMR (DMSO-d6) δ = 0.78 (m, 12H), 
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1.86 (m, 6H), 4.51 (m, 2H), 7.59 (s, 4H), 8.40 (br, 5H), 8.62 (s, 4H), 9.04 (br, 1H), 9.26 (br, 2H), 10.47 (br, 1H),11.29 
(br, 1H). LRMS (ESI): 687 (M+H)+ 
 
I.1.11. N,N’-(1,4-phenylene-di{imino[6-(2-amino-5-butyl-4-oxo-4,5-dihydro-1H-imidazol-1-yl)-1,3,5-triazine-
4.2-diyl]}) diguanine ditrifluoroacetate (I-7c) 
A solution of I-6c (62.1 mg, 0.1 mmol) and guanidine (S1, 35.4 mg, 0.5 mmol) in MeCN (2 mL) was heated at 80 
oC for 30 min. After cooling, water (1 mL) and TFA (0.4 mL) were added and the mixture was purified by preparative 
HPLC system to give I-7c as a white solid (24.3 mg, 35%). 1H NMR (DMSO-d6)δ= 0.75 (t, J = 8 Hz, 3H), 0.82 (t, 
J = 8 Hz, 3H), 1.23 (m, 8H), 1.86 (m, 2H), 2.09 (m, 2H), 4.52 (m, 2H), 7.59 (s, 4H), 8.37 (br, 2H), 8.60 (br, 4H), 




To a suspension of methyl L-leucinate hydrochloride (91.2 mg, 0.5 mmol) in CH2Cl2 (5 mL) were added cyanuric 
chloride I-3 (92.1 mg, 0.5 mmol）and DIPEA (90.4 L, 1.0 mmol) at 0 oC. After stirring for 30 min at 0 oC, DIPEA 
(90.4 L, 1.0 mmol) and p-phenylenediamine (53.8 mg, 0.5 mmol) were added to the mixture at 0 oC and the mixture 
was stirred for 1 h at room temperature. The mixture was washed with water and dried over MgSO4 and filtered 
concentrated in vacuo to give a white solid. To a suspension of methyl L-alanine hydrochloride (70.2 mg, 0.5 mmol) 
in CH2Cl2 (10 mL) were added cyanuric chloride I-3 (92.2 mg, 0.5 mmol) and DIPEA (0.2 mL, 2.0 mmol) at 0 oC. 
After stirring for 30 min at 0 oC, a solution of the white solid described above in CH2Cl2 (1 mL) was added to the 
mixture and the mixture was stirred at room temperature overnight. The mixture was washed with water and dried 
over MgSO4 and filtered concentrated in vacuo and the residue was purified by silica gel column chromatography 
(AcOEt/hexane; 1:19 to 1:1) to give I-10 as a white solid (291.1 mg, 50%). 1H NMR (CDCl3)δ = 0.96 (m, 6H), 1.52 







phenylenediamine ditrifluoroacetate (I-11) 
A solution of I-10 (58.3 mg, 0.1 mmol) and guanidine (S1, 44.9 mg, 0.8 mmol) in MeCN (2 mL) was heated at 80 
oC for 30 min. After cooling, TFA (0.2 mL) and water (1 mL) were added and the mixture was purified by preparative 
HPLC system to give I-11 as a white solid (36.8 mg, 57%). 1H NMR (DMSO-d6)δ = 0.81 (d, J = 7 Hz, 3H), 0.88 (d, 
J = 7 Hz, 3H), 1.48 (d, J = 8 Hz, 3H), 1.86 (m, 3H), 4.53 (m, 2H), 7.63 (m, 4H), 8.40 (br, 2H), 8.65 (br, 4H), 9.04 




To a suspension of cyanuric chloride I-3 (3.7 g, 20 mmol), methyl L-leucinate hydrochloride (3.6 g, 20 mmol) in 
CH2Cl2 (100 mL) was added DIPEA (7.0 mL, 40 mmol) at 0 oC. After stirring at 0 oC for 30 min, the mixture was 
washed with water and brine. The organic was dried over MgSO4 and filtered and concentrated in vacuo. The residue 
was dissolved with MeCN (100 mL) and DIPEA (3.5 mL, 20 mmol) and 1,4-trans-cyclohexanediamine (1.1 g, 10 
mmol) was added to the mixture at room temperature. The mixture was stirred at room temperature overnight. The 
mixture was washed with water, 1M HCl and sat. NaHCO3 and dried over MgSO4 and filtered. The filtrate was 
concentrated in vacuo and the residue was purified by silica gel column chromatography (AcOEt/hexane; 1:4 to 1:1) 
to give I-12 as a white solid (2.7 g, 98%). 1H NMR (CDCl3)δ = 0.96 (m, 12H), 1.29 (m, 6H), 1.70 (m, 4H), 2.07 (m, 
4H), 3.73 (s, 6H), 3.81 (br, 2H), 4.69 (m, 2H), 5.24 (br, 2H), 5.76 (br, 2H). LRMS (ESI): 628 (M+H)+ 
 
I.1.15. N,N’-(1,4-Cyclohexane-di{imino[6-(2-amino-5-isobutyl-4-oxo-4,5-dihydro-1H-imidazol-1-yl)-1,3,5-
triazine-4,2-diyl]})diguanidine tetratrifluoroacetate (I-13) 
A solution of I-12 (1.3 g, 2.0 mmol) and guanidine (S1, 1.2 g, 20 mmol) in propionitrile (20 mL) was heated at 100 
oC for 30 min. After cooling, water (12 mL) and TFA (8 mL) were added and the mixture was allowed to stand 
overnight in the refrigerator. The precipitate was collected, washed with cold water and dried in vacuo to give I-13 
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as a white solid (1.2 g, 53%). 1H NMR (DMSO-d6)δ = 0.84 (d, J = 6.6 Hz, 6H), 0.93 (d, J = 6.6 Hz, 6H), 1.38 (m, 
4H), 1.94 (m, 6H), 3.75 (br, 2H), 4.50 (m, 2H), 8.48 (br, 4H), 8.66 (br, 8H), 9.34 (br, 4H), 11.08 (br, 2H). LRMS 
(ESI): 691 (M+H)+ 
 
I.1.16. N,N’-(1,4-Cyclohexane-di{imino[6-(2-amino-5-isobutyl-4-oxo-4,5-dihydro-1H-imidazol-1-yl)-1,3,5-
triazine-4,2-diyl]})diguanidine tetramethanesulfonate (I-14) 
Compound I-13 (40 mg) was dissolved with formic acid (2 mL) and the solution was purified by preparative HPLC 
system. The conditions are follows; column: Develosil ODS 10/20, 50mm× 300mm, mobile phase: solvent 
A=MeCN–H2O (85 : 15), solvent B= MeCN–H2O–trifluoroacetic acid (65 : 35 : 0.05), gradient: 0 to 100% solvent 
B in solvent A with 0.4%/min, UV detector: 254 nm, flow rate: 25 mL/min. This operation was repeated several 
times and single fractions on HPLC were collected and lyophilized. The combined residue (50 mg) was dissolved 
with formic acid (1.8 mL) and the solution was filtered through a membrane filter (0.45 um). Methansulfonic acid 
(0.8 mL) and water (5 mL) were added to the filtrate and the mixture was allowed to stand at room temperature 
overnight. The precipitate was collected, washed with water and dried under reduced pressure to give I-14 (42 mg) 
as a colorless crystal. 1H NMR (DMSO-d6) δ= 0.85 (d, J = 6.6 Hz, 6H), 0.93 (d, J = 6.6 Hz, 6H), 1.37 (m, 4H), 1.90 
(m, 4H), 2.03 (m, 4H), 2.09 (s, 12H), 4.49 (m, 2H), 8.47 (br, 8H), 9.27 (br, 4H), 9.39 (br, 2H), 9.52 (br, 2H), 10.95 
(br, 2H).  Anal. Calcd for C32H60N20O14S4: C, 35.68; H, 5.61; N, 25.74. Found: C, 35.68; H, 5.61; N, 26.01. 
 
I.2. X-ray structural determination 
I.2.1. X-ray crystallographic analysis 
X-ray crystal data of compound I-14 was collected by a Rigaku AFC5R diffractometer with graphite-
monochromated Cu-K radiation ( = 1.54184 Å). The structure was solved by the direct method and refined with 
a full-matrix least squares method on F2. 
 
I.2.2. Crystal data for compound I-14 
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C32H60N20O14S4, M = 1077.19, triclinic, space group P-1,a = 10.2100(8) Å, b = 14.474(3) Å, c = 9.060(2) Å, α = 
107.16(1)º, β = 94.21(1)º, γ= 80.89(1)º, V = 1262.6(4) Å3, Z = 1, μ(Cu-Kα) = 2.417 mm-1, F(000) = 568, Dc = 1.417 
g/cm3, crystal dimensions: 0.30, 0.10, 0.05 mm, A total of 3996 reflections (3749 unique) were collected using the 
ω-2θ scan technique to a maximum 2θ value of 60.08º refinement method: full-matrix least-squares on F2, 
data/restraints/parameters: 3748/0/320, Goodness-of-fit on F2: 1.025, final R indices [I > 2σ (I)]: R1 = 0.0556, wR2 
= 0.1525, R indices (all data): R1 = 0.0831, wR2 = 0.1756, largest diff. peak and hole: 0.486 and -0.391 e Å-3.The 
data have been deposited with the Cambridge Crystallographic Data Centre as supplementary publication number 
CCDC 1519935. 
 
I.3. In vitro evaluation 
I.3.1. Human NPR-A agonist activity 
 Human NPR-A agonist activities of the compounds were evaluated in CHO cells expressing human NPR-A9. The 
NPR-A expressing CHO cells were seeded in 96-well plate at 1 × 104 cells/well and cultured for 1 day under 5% 
carbon dioxide gas at 37°C. The cells were washed with Hanks buffer containing 20 mM HEPES and 0.1% bovine 
serum albumin, pH 7.4 (Hanks-HEPES-BSA buffer) two times, and incubated with human ANP or the compounds 
in the presence of 0.5 mM 1-methyl-3-isobutylxanthine (Sigma-Aldrich Japan, Co. LLC, Tokyo, Japan) for 30 min 
at 37°C. The incubation was terminated by aspirating the medium and washed once by Hanks-HEPES-BSA buffer. 
The cells were disrupted by the addition of 0.1M HCl, and intracellular cGMP was released to the solution. Cellular 
cGMP concentration was determined using a cGMP radioimmunoassay kit (Yamasa Co., Chiba, Japan). 
 
I.3.2. Rat NPR-A agonist activity 
Rat NPR-A agonist activities of the compounds were evaluated in CHO cells expressing rat NPR-A. The NPR-A 
expressing CHO cells were seeded in 384-well plate at 4 × 103 cells/well and cultured for 1 day under 5% carbon 
dioxide gas at 37°C. The media were discarded and Krebs-Ringer modified buffer containing 1.6 mM 1-methyl-3-
isobutylxanthine (Sigma-Aldrich Japan, Co. LLC) was added. The cells were incubated with rat ANP or the 
compounds for 15 min at 37°C. The incubation was terminated by adding lysis buffer, a component of CatchPoint 
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cGMP fluorescent assay kit (Molecular Devices Japan, Tokyo, Japan). This kit was used for the determination of 
cGMP concentration. 
 
I.4. In vivo evaluation 
I.4.1. Animals 
Experiments were performed on male Crl:CD(SD) rats aged 8 to 9 weeks (Charles River Laboratories Japan Inc., 
Atsugi, Japan).  
 
I.4.2. Diuretic Response in Rats 
The rats were anesthetized with intraperitoneal injection of 500 mg/kg urethane and 100 mg α-chrolarose, and 
constantly loaded with Ringer solution at 40 μL/min through a catheter inserted into a femoral vein to maintain urine 
volume. After an equilibration period of around 2 hr, the compounds were given as a bolus intravenous injection (1 
mL/kg) into the femoral vein. Human ANP was produced by recombinant DNA method. It was dissolved in 5% 
glucose solution, and 10 μg/mL of human ANP solution was prepared at use. Compound I-7b and I-13 was dissolved 
in DMSO and diluted with 0.5% DMSO and 10% 2-hydroxypropyl-β-cyclodextrin to prepare 0.1, 0.3 or 1 mg/mL at 
use. Urine samples were collected before and after the compounds administration through a silicone tube placed in 
the bladder, and the volume was measured by weighing. The % changes in the urine volume from pre-treatment were 
calculated and shown as the means ± SEM. The statistical differences were analyzed by Student’s t-test between two 
groups or by Dunnett multiple comparison test for 3 or 4 groups.  
 
I.4.3. Cyclic GMP contents in rat kidney 
The rats were anesthetized with 500 mg/kg urethane and 100 mg α-chrolarose, and the compounds were 
intravenously infused for 30 min through a catheter inserted in a jugular vein. The compounds were diluted with 
0.5% dimethyl sulfoxide and 10% 2-hydroxypropyl-β-cyclodextrin solution. After the compounds infusion, the left 
kidney was isolated and immediately frozen by holding the tissue with a pair of pliers cooled in liquid nitrogen, and 
then the kidney was crushed on the dry ice and stored at −80 °C until measurements were performed. Ten mL of 6% 
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perchloric acid was added to the frozen tissue (around 500 mg), and the tissues were homogenized. The supernatant 
were neutralized with 60% potassium hydroxide solution, and cGMP concentrations were measured by 
radioimmunoassay kit (Yamasa Co.). The protein concentrations in the supernatant were measured by BCA protein 




第Ⅱ章 NPR-A アゴニスト活性を有する新規チエノピリミジン誘導体、キナゾリン誘導体の探索 
 
II.1. Chemistry 
II.1.1. Methyl 5-phenyl-3-(3-(trichloromethyl)ureido)thiophene-2-carboxylate (II-4) 
A solution of methyl 3-amino-5-phenylthiophene-2-carboxylate II-3 (2.07 g, 8.85 mmol) and 2,2,2-trichloroacetyl 
isocyanate (1.05 mL, 8.85 mmol) in THF (10 mL) was stirred for 2 h at room temperature. The mixture was diluted 
with H2O and AcOEt, the precipitate was collected and washed with hexane to give the title compound as a white 
solid (3.33 g, 96%). 1H NMR (DMSO-d6) δ= 3.89 (s, 3H), 7.50 (m, 3H), 7.75 (m, 2H), 8.30 (1H, s), 11.58 (1H, br), 
12.11 (1H, br). 
 
II.1.2. 6-Phenylthieno[3,2-d]pyrimidine-2,4(1H,3H)-dione (II-5) 
A suspension of II-4 (3.21 g, 8.15 mmol) and 7M ammmonia in MeOH (30.0 mL, 210 mmol) was stirred for 2 h at 
room temperature. The solvent was removed and 4M NaOH (30 mL) was added to the residue. The mixture was 
heated under reflux for 4 h. After cooling, 6M HCl (15 mL) was added and the precipitate was collected to give the 
title compound as a green solid (1,60 g, 80%). 1H NMR (DMSO-d6) δ = 7.22 (s, 1H), 7.49 (m, 3H), 7.76 (m, 2H), 
11.41 (br, 2H). LRMS (ESI): 245.1 (M+H)+ 
 
II.1.3. 2,4-Dichloro-6-phenylthieno[3,2-d]pyrimidine (II-6) 
A solution of II-5 (1.60 g, 6.55 mmol), POCl3 (6.11 mL, 65.5 mmol) and N,N-Diethylaniline (4.17 mL, 26.2 mmol) 
was heated under reflux for 8 h. After cooling, the mixture was evaporated and the mixture was diluted with H2O and 
CHCl3. The organic layer was washed with H2O and sat. NaCl, then dried over MgSO4 and filtered. After removal 
of the solvent in vacuo, the residue was purified by silica gel column chromatography (CHCl3/hexane; 1:1 to 4:1) to 
give the title compound as a white solid (1.71 g, 93%). 1H NMR (CDCl3) δ = 7.52 (m, 3H), 7.68 (s, 1H), 7.77 (m, 




II.1.4. 2-Chloro-6-phenyl-N-(pyridin-2-ylmethyl)thieno[3,2-d]pyrimidin-4-amine (II-7) : General procedure A 
A solution of II-6 (86.1 mg, 0.31 mmol), 2-picolylamine (0.037 mL, 0.37 mmol) and DIPEA (0.075 mL, 0.43 mmol) 
in THF (3 mL) was stirred overnight at room temperature. The mixture was diluted with H2O and CHCl3. The organic 
phase was washed with H2O and sat. NaCl, then dried over MgSO4 and filtered. After evaporation, the residue was 
purified by silica gel column chromatography (MeOH/AcOEt-hexane (1:1); 0:100 to 1:9) to give the title compound 
as a white solid (100.3 mg, 93%). 1H NMR (CDCl3) δ = 4.94 (d, 2H, J = 4.4 Hz), 6.88 (br, 1H), 7.26 (m, 2H), 7.37 
(d, 1H, J = 7.8 Hz), 7.45 (m, 3H), 7.52 (s, 1H), 7.73 (m, 3H). LRMS (ESI): 353.1 (M+H)+ 
 
II.1.5. 2-Chloro-6-phenyl-N-(pyridin-3-ylmethyl)thieno[3,2-d]pyrimidin-4-amine (II-8) 
Prepared from II-6 (96.5 mg, 0.34 mmol) and 3-picolylamine (44.6 mg, 0.41 mmol) by general procedure A. White 
solid (103.1 mg, 85%). 1H NMR (CDCl3) δ = 4.90 (d, 2H, J = 5.8 Hz), 5.44 (br, 1H), 7.32 (dd, 2H, J = 4.8, 7.6 Hz), 
7.46 (m, 3H), 7.53 (s, 1H), 7.68 (m, 1H), 7.79 (ddd, 1H, J = 2.0, 2.0, 7.7 Hz), , 8.59 (dd, 1H, J = 1.6, 4.8 Hz), 8.67 
(d, 1H, J = 2.0 Hz). LRMS (ESI): 353.1 (M+H)+ 
 
II.1.6. 2-Chloro-6-phenyl-N-(pyridin-4-ylmethyl)thieno[3,2-d]pyrimidin-4-amine (II-9) 
Prepared from II-6 (92.4 mg, 0.33 mmol) and 4-picolylamine (0.04 mL, 0.39 mmol) by general procedure A. White 
solid (80.4 mg, 69%). 1H NMR (CDCl3) δ = 4.92 (d, 2H, J = 6.0 Hz), 5.48 (br, 1H), 7.31 (dd, 2H, J = 1.6, 6.0 Hz), 
7.54 (s, 1H), 7.47 (m, 3H), 7.69 (m, 2H), 8.60 (dd, 2H, J = 1.6, 6.0 Hz). LRMS (ESI): 353.1 (M+H)+ 
 
II.1.7. N-(2-Aminobenzyl)-2-chloro-6-phenylthieno[3,2-d]pyrimidin-4-amine (II-10) 
Prepared from II-6 (145.0 mg, 0.52 mmol) and 2-aminobenzylamine (63.2 mg, 0.52 mmol) by general procedure 
A. Yellow solid (127.2 mg, 67%). 1H NMR (DMSO-d6) δ = 4.52 (d, 2H, J = 5.2 Hz), 5.17 (br, 2H), 6.53 (ddd, 1H, J 
= 1.2, 7.8, 7.8 Hz), 6.66 (dd, 1H, J = 1.0, 8.0 Hz), 6.98 (ddd, 1H, J = 1.6, 7.8, 7.8 Hz), 7.07 (dd, 1H, J = 1.4, 7.5 
Hz), 7.51 (m, 3H), 7.79 (s, 1H), 7.83 (m, 2H), 8.81 (br, 1H). LRMS (ESI): 367.1 (M+H)+ 
 
II.1.8. N-(3-Aminobenzyl)-2-chloro-6-phenylthieno[3,2-d]pyrimidin-4-amine (II-11) 
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Prepared from II-6 (85.0 mg, 0.30 mmol) and 3-aminobenzylamine (36.8 mg, 0.30 mmol) by general procedure A. 
White solid (66.3 mg, 60%). 1H NMR (DMSO-d6) δ = 4.58 (d, 2H, J = 5.8 Hz), 5.05 (br, 2H), 6.44 (ddd, 1H, J = 1.2, 
1.2, 7.9 Hz), 6.49 (d, 1H, J = 7.7 Hz), 6.52 (s, 1H), 6.96 (t, 1H, J = 7.7 Hz), 7.52 (m, 3H), 7.80 (s, 1H), 7.84 (m, 2H), 
8.88 (br, 1H). LRMS (ESI): 367.1 (M+H)+ 
 
II.1.9. N2-Isopropyl-6-phenyl-N4-(pyridin-2-ylmethyl)thieno[3,2-d]pyrimidine-2,4-diamine (II-12b) : General 
procedure B 
A solution of II-7 (71.8 mg, 0.2 mmol) and isopropylamine (0.8 mL) in H2O (1.2 mL) was heated at 160 °C for 30 
min with MW irradation. After cooling, the mixture was diluted with H2O and CHCl3. After cooling, the mixture was 
diluted with H2O and CHCl3. The organic layer was washed with H2O and sat. NaCl, then dried over MgSO4 and 
filtered. After removal of the solvent in vacuo, the residue was purified by silica gel column chromatography 
(MeOH/AcOEt-hexane (1:1); 0:100 to 1:9) to give the title compound as a yellow solid (67.8 mg, 89%). 1H NMR 
(CDCl3) δ = 1.24 (d, 6H, J = 6.5 Hz), 4.20 (m, 1H), 4.68 (br, 1H), 4.89 (d, 2H, J = 5.0 Hz), 5.98 (br, 1H), 7.22 (dd, 
1H, J = 7.5 Hz), 7.34 (s, 1H), 7.40 (m, 4H), 7.69 (m, 3H), 8.61 (ddd, 1H, J = 0.9, 1.7, 7.5 Hz). LRMS (ESI): 376.2 
(M+H)+. HRMS (FAB) Calcd for C21H22N5S+: 376.1590; Found: 376.1591. 
 
II.1.10. N2-Ethyl-6-phenyl-N4-(pyridin-3-ylmethyl)thieno[3,2-d]pyrimidine-2,4-diamine (II-13a) 
Prepared from II-8 (34.3 mg, 0.1 mmol) and ethylamine (6.7 mol/L in H2O, 3 mL) by general procedure B. Sight 
yellow solid (34.7 mg, 99%). 1H NMR (DMSO-d6) δ = 1.07 (t, 3H, J = 7.0 Hz), 3.26 (q, 2H, J = 7.0 Hz), 4.65 (d, 2H, 
J = 5.8 Hz), 6.41 (br, 1H), 7.34 (ddd, 1H, J = 0.8, 4.8, 4.8 Hz), 7.39 (s, 1H), 7.41 (m, 3H), 7.77 (m, 3H), 7.99 (br, 
1H), 8.44 (dd, 1H, J = 1.6, 4.8 Hz), 8.61 (d, 1H, J = 1.6 Hz). LRMS (ESI): 362.1 (M+H)+. HRMS (FAB) Calcd for 
C20H20N5S+: 362.1434; Found: 362.1426. 
 
II.1.11. N2-Isopropyl-6-phenyl-N4-(pyridin-3-ylmethyl)thieno[3,2-d]pyrimidine-2,4-diamine (II-13b) 
Prepared from II-8 (32.1 mg, 0.09 mmol) and isopropylamine (0.8 mL) by general procedure B. Slight yellow solid 
(23.5 mg, 69%). 1H NMR (CDCl3) δ = 1.23 (d, 6H, J = 6.4 Hz), 4.15 (m, 1H), 4.83 (d, 2H, J = 5.8 Hz), 5.08 (br, 1H), 
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7.29 (dd, 1H, J = 4.8, 7.9 Hz), 7.35 (s, 1H) , 7.42 (m, 3H) , 7.67 (m, 2H), 7.73 (m, 1H), 8.54 (dd, 1H, J = 1.4, 4.8 Hz), 
8.67 (d, 1H, J = 2.0 Hz). LRMS (ESI): 376.2 (M+H)+. HRMS (FAB) Calcd for C21H22N5S+: 376.1590; Found: 
376.1613. 
 
II.1.12. N2-Isobutyl-6-phenyl-N4-(pyridin-3-ylmethyl)thieno[3,2-d]pyrimidine-2,4-diamine (II-13c) 
Prepared from II-8 (34.6 mg, 0.1 mmol) and isobutylamine (1.2 mL) by general procedure B. Slight yellow solid 
(37.7 mg, 98%). 1H NMR (DMSO-d6) δ = 0.84 (d, 6H, J = 6.3 Hz), 1.80 (br, 1H), 3.04 (t, 2H, J = 6.3 Hz), 4.66 (d, 
2H, J = 5.8 Hz), 6.49 (br, 1H), 7.34 (ddd, 1H, J = 0.6, 4.8, 4.8 Hz), 7.44 (m, 4H), 7.77 (m, 3H), 7.99 (br, 1H), 8.44 
(dd, 1H, J = 1.6, 4.8 Hz), 8.61 (d, 1H, J = 1.6 Hz). LRMS (ESI): 390.2 (M+H)+. HRMS (FAB) Calcd for C22H24N5S+: 
390.1747; Found: 390.1738. 
 
II.1.13. N2-Isopropyl-6-phenyl-N4-(pyridin-4-ylmethyl)thieno[3,2-d]pyrimidine-2,4-diamine (II-14b) 
Prepared from II-9 (41.8 mg, 0.12 mmol) and isopropylamine (0.8 mL) by general procedure B. Slight yellow solid 
(38.1 mg, 86%). 1H NMR (CDCl3) δ = 1.18 (d, 6H, J = 6.4 Hz), 4.08 (m, 1H), 4.65 (br, 1H), 4.82 (d, 1H, J = 6.0 
Hz), 5.02 (br, 1H), 7.29 (dd, 2H, J = 1.6, 6.0 Hz), 7.34 (S, 1H), 7.42 (m, 3H), 7.68 (m, 2H), 8.57 (dd, 2H, J = 1.6, 
6.0 Hz). LRMS (ESI): 376.2 (M+H)+. HRMS (FAB) Calcd for C21H22N5S+: 376.1590; Found: 376.1602. 
 
II.1.14. N4-(2-Aminobenzyl)-N2-isopropyl-6-phenylthieno[3,2-d]pyrimidine-2,4-diamine (II-15b) 
Prepared from II-10 (64.1 mg, 0.18 mmol) and isopropylamine (0.8 mL) by general procedure B. Yellow solid (65.6 
mg, 96%). 1H NMR (DMSO-d6) δ = 1.28 (d, 6H, J = 6.5 Hz), 4.24 (m, 1H), 4.34 (br, 2H), 4.69 (br, 1H), 4.76 (br, 
1H), 4.78 (s, 2H), 6.70 (dd, 1H, J = 1.0, 7.9 Hz), 6.75 (ddd, 1H, J = 1.2, 7.4, 7.4 Hz), 7.16 (m, 2H), 7.32 (s, 1H), 
7.40 (m, 3H), 7.65 (m, 2H). LRMS (ESI): 390.2 (M+H)+ 
 
II.1.15. N4-(3-Aminobenzyl)-N2-isopropyl-6-phenylthieno[3,2-d]pyrimidine-2,4-diamine (II-16b) 
Prepared from II-11 (43.4 mg, 0.12 mmol) and isopropylamine (0.8 mL) by general procedure B. White solid (42.8 
mg, 93%). 1H NMR (DMSO-d6) δ = 1.25 (d, 6H, J = 6.5 Hz), 3.69 (br, 2H), 4.21 (m, 1H), 4.68 (br, 1H), 4.71 (s, 1H), 
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4.85 (br, 1H), 6.62 (ddd, 1H, J = 0.9. 0.9, 7.9 Hz), 6.72 (dd, 1H, J = 1.8, 1.8 Hz), 6.78 (dd, 1H, J = 0.6, 7.7 Hz), 7.15 




A solution of II-16b (30.9 mg, 0.08 mmol), AcCl (0.006 mL, 0.09 mmol) and DIPEA (0.018 mL, 0.10 mmol) in 
CH2Cl2 (1.5 mL) was stirred for 30 min at room temperature. The mixture was evaporated and the residue was 
purified by amino silica gel column chromatography (MeOH/AcOEt-hexane (1:1); 0:100 to 1:9) to give the title 
compound as a slight yellow solid (32.2 mg, 94%). 1H NMR (DMSO-d6) δ = 1.10 (d, 6H, J = 6.5 Hz), 2.00 (s, 3H), 
4.02 (m, 1H), 4.64 (d, 2H, J = 5.8 Hz), 6.19 (br, 1H), 7.01 (d, 1H, J = 7.8 Hz), 7.22 (t, 1H, J = 7.8 Hz), 7.44 (m, 6H), 
7.77 (m, 2H), 8.00 (br, 1H), 9.88 (br, 1H). LRMS (ESI): 432.2 (M+H)+. HRMS (FAB) Calcd for C24H26N5OS+: 




A solution of II-15b (22.2 mg, 0.06 mmol), AcCl (0.005 mL, 0.06 mmol) and DIPEA (0.013 mL, 0.07 mmol) in 
CH2Cl2 (1.5 mL) was stirred for 30 min at room temperature. The mixture was evaporated and the residue was 
purified by amino silica gel column chromatography (AcOEt/hexane; 1:4 to 2:1) to give the title compound as a white 
solid (22.3 mg, 91%). 1H NMR (DMSO-d6) δ = 1.10 (d, 6H, J = 6.4 Hz), 2.07 (s, 3H), 4.03 (m, 1H), 4.66 (d, 2H, J = 
5.9 Hz), 6.20 (br, 1H), 7.11 (t, 1H, J = 7.5 Hz), 7.21 (t, 1H, J = 7.5 Hz), 7.32 (d, 1H, J = 7.5 Hz), 7.45 (m, 4H), 7.55 
(br, 1H), 7.77 (m, 2H), 7.82 (br, 1H), 9.32 (br, 1H). LRMS (ESI): 432.2 (M+H)+. HRMS (FAB) Calcd for 
C24H26N5OS+: 432.1853; Found: 432.1862. 
 
II.1.18. N-(2-(((2-(Isopropylamino)-6-phenylthieno[3,2-d]pyrimidin-4-yl)amino)methyl)phenyl)-1-
methylpiperidine-3-carboxamide (II-19) : General procedure C 
A solution of II-15b (28.6 mg, 0.07 mmol), 1-methylpiperidine-3-carboxylic acid hydrochloride (19.8 mg, 0.11 
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mmol), HATU (41.9 mg, 0.11 mmol) and DIPEA (0.128 mL, 0.73 mmol) in CH2Cl2 (3 mL) was stirred overnight at 
room temperature. The mixture was diluted with H2O and CHCl3. The organic layer was washed with H2O and sat. 
NaCl, then dried over MgSO4 and filtered. After removal of the solvent in vacuo, the residue was purified by amino 
silica gel column chromatography (MeOH/AcOEt-hexane (1:1); 0:100 to 1:9) to give the title compound as a white 
solid (27.3 mg, 72%). 1H NMR (DMSO-d6) δ = 1.10 (d, 6H, J = 6.4 Hz), 1.52 (m, 2H), 1.70 (m, 2H), 2.00 (m, 1H), 
2.16 (s, 3H), 2.20 (m, 1H), 2.52 (m, 1H), 2.69 (m, 2H), 4.02 (m, 1H), 4.61 (m, 2H), 6.13 (br, 1H), 7.11 (t, 1H, J = 7.7 
Hz), 7.22 (t, 1H, J = 7.7 Hz), 7.32 (d, 1H, J = 7.7 Hz), 7.44 (m, 4H), 7.56 (br, 1H), 7.77 (m, 3H), 9.69 (br, 1H). LRMS 
(ESI): 515.3 (M+H)+. HRMS (FAB) Calcd for C29H35N6OS+: 515.2588; Found: 515.2590. 
 
II.1.19. Methyl 5-bromo-2-(3-(2,2,2-trichloroacetyl)ureido)benzoate (II-22) 
A solution of methyl 2-amino-5-bromobenzoate II-20 (27.5 g, 119 mmol) and 2,2,2-trichloroacetyl isocyanate (14.1 
mL, 119 mmol) in THF (300 mL) was stirred for 2 h at room temperature. The solvent was removed and the residue 
was exposured with Et2O, and the precipitate was collected to give the title compound as a white solid (44.4 g, 89%). 
1H NMR (DMSO-d6) δ = 3.91 (s, 3H), 7.85 (dd, 1H, J = 2.5, 9.0 Hz), 8.07 (d, 1H, J = 2.5 Hz), 8.33 (d, 1H, J = 9.0 
Hz), 11.61 (br, 1H), 11.92 (br, 1H). LRMS (ESI): 418.9 (M+) 
 
II.1.20. 6-Bromoquinazoline-2,4(1H,3H)-dione (II-24) 
A solution of II-22 (21.6 g, 51.5 mmol), and 7M ammmonia in MeOH (100 mL) in MeOH (100 mL) was stirred 
for 2 h at room temperature. The solvent was removed and MeOH (100 mL) was added and the mixture was refluxed 
for 3 h. After cooling, the precipitate was collected to give the title compound as a white solid (10.9 g, 88%). 1H 
NMR (DMSO-d6) δ = 7.13 (d, 1H, J = 8.6 Hz), 7.80 (dd, 1H, J = 2.4, 8.6 Hz), 7.94 (d, 1H, J = 2.2 Hz), 11.36 (br, 
2H). LRMS (ESI): 241 (M+H+). 
 
II.1.21. 6-Bromo-2,4-dichloroquinazoline (II-26) 
A solution of II-24 (12.0 g, 49.8 mmol), POCl3 (46.4 mL, 498 mmol) and N,N-diethylaniline (31.7 mL, 199 mmol) was 
heated under reflux for 5 h. After cooling, the mixture was evaporated and the mixture was diluted with H2O and 
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CHCl3. The organic layer was washed with H2O and sat. NaCl, then dried over MgSO4 and filtered. After removal 
of the solvent in vacuo, the residue was purified by silica gel column chromatography (CHCl3/hexane; 1:2 to 4:1) to 
give the title compound as a white solid (10.4 g, 75%). 1H NMR (CDCl3) δ = 7.88 (dd, 1H, J = 0.3, 9.0 Hz), 8.06 (dd, 
1H, J = 2.1, 9.0 Hz), 8.43 (d, 1H, J = 0.3, 2.1 Hz). LRMS (ESI): 275.0 (M+) 
 
II.1.22. Methyl 4-bromo-2-(3-(2,2,2-trichloroacetyl)ureido)benzoate (II-23) 
A solution of methyl 2-amino-4-bromobenzoate II-21 (5.1 g, 21.9 mmol) and 2,2,2-trichloroacetyl isocyanate (2.9 
mL, 24.2 mmol) in THF (50 mL) was stirred for 2 h at room temperature. The mixture was exposured with H2O and 
AcOEt, and the precipitate was collected and washed with hexane to give the title compound as a white solid (7.3 g, 
80%). 1H NMR (DMSO-d6) δ = 3.90 (s, 3H), 7.46 (dd, 1H, J = 2.0, 8.5 Hz), 7.92 (d, 1H, J = 8.5 Hz), 8.65 (d, 1H, J 
= 2.0 Hz), 11.75 (br, 1H), 11.98 (br, 1H). LRMS (ESI): 418.9 (M+) 
 
II.1.23. 7-Bromoquinazoline-2,4(1H,3H)-dione (II-25) 
A suspension of II-23 (7.1 g, 16.9 mmol) and 7M ammmonia in MeOH (40 mL) was stirred for 2 h at room 
temperature. The solvent was removed and MeOH (50 mL) was added to the residue. The mixture was heated under 
reflux for 4 h. After cooling, the precipitate was collecetd to give the title compound as a white solid (3.9 g, 97%).  
1H NMR (DMSO-d6) δ = 7.33 (s, 1H), 7.34 (dd, 1H, J = 1.8, 8.0 Hz), 7.80 (dd, 1H, J = 0.8, 8.0 Hz), 11.31 (br, 2H). 
LRMS (ESI): 241 (M+H+). 
 
II.1.24. 7-Bromo-2,4-dichloroquinazoline (II-27) 
A solution of II-25 (1.2 g, 4.8 mmol), POCl3 (4.5 mL, 48.1 mmol) and N,N-Diethylaniline (3.1 mL, 19.3 mmol) 
was heated at reflux for 4 h. After cooling, the mixture was evaporated and the mixture was diluted with H2O and 
CHCl3. The organic layer was washed with H2O and sat. NaCl, then dried over MgSO4 and filtered. After removal 
of the solvent in vacuo, the residue was purified by silica gel column chromatography (CHCl3/hexane; 1:1 to 4:1) to 
give the title compound as a slight yellow solid (1.0 g, 77%). 1H NMR (CDCl3) δ = 7.83 (dd, 1H, J = 1.8, 8.9 Hz), 




II.1.25. N-(2-Aminobenzyl)-6-bromo-2-chloroquinazolin-4-amine (II-28) 
Prepared from II-26 (146.0 mg, 0.52 mmol) and 2-aminobenzylamine (64.0 mg, 0.52 mmol) by general procedure 
A. White solid (159.1 mg, 84%). 1H NMR (DMSO-d6) δ = 4.55 (d, 1H, J = 5.6 Hz), 5.16 (br, 2H), 6.53 (ddd, 1H, J 
= 1.1, 7.5, 7.5 Hz), 6.67 (dd, 1H, J = 1.1, 8.0 Hz), 6.99 (ddd, 1H, J = 1.6, 8.4, 8.4 Hz), 7.08 (dd, 1H, J = 1.4, 7.5 Hz), 
7.58 (d, 1H, J = 8.9 Hz), 7.94 (dd, 1H, J = 2.1, 8.9 Hz), 8.63 (d, J = 2.1 Hz), 9.18 (br, 1H). LRMS (ESI): 363.0 
(M+H)+ 
 
II.1.26. N-(3-Aminobenzyl)-6-bromo-2-chloroquinazolin-4-amine (II-29) 
Prepared from II-26 (155.1 mg, 0.56 mmol) and 3-aminobenzylamine (68.3 mg, 0.56 mmol) by general procedure 
A. White solid (161.1 mg, 82%). 1H NMR (DMSO-d6) δ = 4.61 (d, 1H, J = 5.7 Hz), 5.05 (br, 2H), 6.49 (m, 3H), 6.98 
(t, 1H, J = 7.6 Hz), 7.58 (d, 1H, J = 8.8 Hz), 7.94 (dd, 1H, J = 2.1, 8.8 Hz), 8.65 (d, 1H, J = 2.1 Hz), 9.28 (br, 1H). 
LRMS (ESI): 363.0 (M+H)+ 
 
II.1.27. N-(4-Aminobenzyl)-6-bromo-2-chloroquinazolin-4-amine (II-30) 
Prepared from II-26 (161.3 mg, 0.58 mmol) and 4-aminobenzylamine (0.066 mL, 0.58 mmol) by general procedure 
A. White solid (174.2 mg, 83%). 1H NMR (DMSO-d6) δ = 4.54 (d, 1H, J = 5.6 Hz), 5.08 (br, 1H), 6.53 (dd, 2H, J = 
2.0, 8.4 Hz), 7.05 (dd, 2H, J = 2.0, 8.4 Hz), 7.56 (d, 1H, J = 8.8 Hz), 7.92 (dd, 1H, J = 2.1, 8.8 Hz), 8.62 (d, 1H, J = 
2.1 Hz), 9.17 (br, 1H). LRMS (ESI): 363.0 (M+H)+ 
 
II.1.28. (1R,4R)-N1-(6-Bromo-2-chloroquinazolin-4-yl)cyclohexane-1,4-diamine (II-31) 
To a sttired solution of trans-1,4-cyclohexanediamine (4.5 g, 39.0 mmol) and DIPEA (11.3 mL, 64.9 mmol) in THF (100 
mL) was added dropwise a solution of II-26 (3.6 g, 13.0 mmol) in THF (20 mL) at 0 oC, and the mixture was stirred for 
12 h at room temperature. The reaction mixture was diluted with AcOEt and H2O. The precipitate was collected and dried 
(2.4 g, 52%). The filtrate was separated to organic layer and aqueous layer, the organic layer was washed with H2O and 
sat. NaCl. The organic was dried over MgSO4 and concentrated in vacuo. The mixture was evaporated and the residue 
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was purified by amino silica gel column chromatography (MeOH/AcOEt-hexane (1:1); 0:100 to 1:5) to give the title 
compound as a white solid (1.1 g, 24%). 1H NMR (DMSO-d6) δ = 1.18 (m, 2H), 1.44 (m, 2H), 1.87 (m, 4H), 2.57 (m, 
1H), 3.31 (br, 2H), 4.04 (m, 1H), 7.54 (d, 1H, J = 8.8 Hz), 7.91 (dd, 1H, J = 2.1, 8.8 Hz), 8.45 (br, 2H), 8.64 (d, 1H, 
J = 2.1 Hz). LRMS (ESI): 355 (M+H)+ 
 
II.1.29. (1R,4R)-N1-(7-Bromo-2-chloroquinazolin-4-yl)cyclohexane-1,4-diamine (II-32) 
To a sttired solution of trans-1,4-cyclohexanediamine (99.0 mg, 0.86 mmol) and DIPEA (0.113 mL, 0.65 mmol) in 
THF (2 mL) was added dropwise a solution of II-27 (120.1 mg, 0.43 mmol) in THF (2 mL) at 0 oC, and the mixture 
was stirred for 12 h at room temperature. The reaction mixture was diluted with AcOEt and H2O. The organic layer 
was washed with H2O and sat. NaCl, then dried over MgSO4 and filtered. After removal of the solvent in vacuo, the 
residue was purified by amino silica gel column chromatography (MeOH/AcOEt-hexane (1:1); 0:100 to 1:7) to give 
the title compound as a white solid (96.6 mg, 63%). 1H NMR (DMSO-d6) δ = 1.17 (m, 2H), 1.46 (m, 2H), 1.86 (m, 
4H), 2.58 (m, 1H), 4.05 (m, 1H), 7.70 (dd, 1H, J = 2.0, 8.8 Hz), 7.82 (d, 1H, J = 2.0 Hz), 8.29 (d, 1H, J = 2.0 Hz), 
8.49 (br, 1H). LRMS (ESI): 355 (M+H)+ 
 
II.1.30. N4-(2-Aminobenzyl)-6-bromo-N2-isopropylquinazoline-2,4-diamine 
Prepared from II-28 (152.4 mg, 0.42 mmol) and isopropylamine (1.2 mL) by general procedure B. Slight yellow 
solid (151.9 mg, 94%). 1H NMR (DMSO-d6) δ = 1.31 (d, 6H, J = 6.5 Hz), 4.15 (m, 1H), 4.54 (d, 2H, J = 5.7 Hz), 
5.12 (br, 2H), 6.49 (ddd, 1H, J = 1.1, 7.4, 7.4 Hz), 6.52 (br, 1H), 6.62 (dd, 1H, J = 1.1, 7.8 Hz), 6.95 (ddd, 1H, J = 
1.6, 7.8, 7.8 Hz), 7.08 (dd, 1H, J = 1.1, 7.4 Hz), 7.15 (d, 1H, J = 8.9 Hz), 7.55 (dd, 1H, J = 2.2, 8.9 Hz), 8.22 (br, 1H), 
8.25 (d, 1H, J = 2.2 Hz). LRMS (ESI): 386.1 (M+H)+ 
 
II.1.31. N4-(3-Aminobenzyl)-6-bromo-N2-isopropylquinazoline-2,4-diamine 
Prepared from II-29 (141.1 mg, 0.39 mmol) and isopropylamine (1.2 mL) by general procedure B. Slight yellow 
solid (147.2mg, 98%). 1H NMR (DMSO-d6) δ = 1.11 (d, 6H, J = 6.4 Hz), 4.10 (m, 1H), 4.58 (d, 2H, J = 5.7 Hz), 
4.99 (br, 2H), 6.46 (m, 4H), 6.94 (t, 3H, J = 7.5 Hz), 7.15 (d, 1H, J = 8.9 Hz), 7.55 (dd, 1H, J = 2.2, 8.9 Hz), 8.30 (d, 
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1H, J = 2.2 Hz), 8.34 (br, 1H). LRMS (ESI): 386.1 (M+H)+ 
 
II.1.32. N4-(4-Aminobenzyl)-6-bromo-N2-isopropylquinazoline-2,4-diamine 
Prepared from II-30 (97.6 mg, 0.27 mmol) and isopropylamine (1.2 mL) by general procedure B. White solid (100.9 
mg, 97%). 1H NMR (DMSO-d6) δ = 1.13 (d, 6H, J = 6.4 Hz), 4.14 (m, 1H), 4.50 (d, 2H, J = 5.6 Hz), 4.93 (br, 2H), 
6.50 (d, 2H, J = 8.4 Hz), 7.03 (d, 2H, J = 8.4 Hz), 7.13 (br, 1H), 7.53 (dd, 1H, J = 2.2, 8.9 Hz), 8.25 (d, 1H, J = 2.2 
Hz), 8.26 (br, 1H). LRMS (ESI): 386.1 (M+H)+ 
 
II.1.33. N4-((1R,4R)-4-Aminocyclohexyl)-6-bromo-N2-isopropylquinazoline-2,4-diamine 
Prepared from II-31 (2.4 g, 6.8 mmol) and isopropylamine (4.8 mL) by general procedure B. White solid (1.7 g, 
68%). 1H NMR (CDCl3) δ = 1.25 (d, 6H, J = 6.5 Hz), 1.29 (m, 4H), 1.96 (m, 2H), 2.22 (m, 2H), 2.75 (m, 1H), 4.09 
(m, 1H), 4.19 (m, 1H), 4.77 (br, 1H), 5.15 (br, 1H), 7.29 (m, 1H), 7.54 (m, 2H). LRMS (ESI): 378.1 (M+H)+ 
 
II.1.34. N4-((1R,4R)-4-Aminocyclohexyl)-7-bromo-N2-isopropylquinazoline-2,4-diamine 
Prepared from II-32 (62.7 mg, 0.18 mmol) and isopropylamine (0.8 mL) by general procedure B. White solid (57.0 
mg, 85%). 1H NMR (DMSO-d6) δ = 1.12 (m, 2H), 1.14 (d, 6H, J = 6.5 Hz), 1.42 (m, 2H), 1.84 (m, 4H), 2.55 (m, 





Prepared from N4-(2-Aminobenzyl)-6-bromo-N2-isopropylquinazoline-2,4-diamine (121.9 mg, 0.32 mmol) by 
general procedure C. Slight yellow amorphous (135.5 mg, 84%). 1H NMR (DMSO-d6) δ = 1.09 (br, 6H), 1.46 (m, 
2H), 1.67 (m, 2H), 1.93 (m, 1H), 2.10 (s, 3H), 2.18 (m, 1H), 2.57 (m, 1H), 2.64 (m, 2H), 4.08 (br, 1H), 4.62 (m, 2H), 
6.41 (br, 1H), 7.11 (t, 1H, J = 7.6 Hz), 7.16 (br, 1H), 7.24 (t, 1H, J = 7.6 Hz), 7.29 (d, 1H, J = 7.6 Hz), 7.56 (dd, 2H, 






Prepared from N4-(3-aminobenzyl)-6-bromo-N2-isopropylquinazoline-2,4-diamine (66.0 mg, 0.17 mmol) by 
general procedure C. White solid (74.6 mg, 85%) . 1H NMR (DMSO-d6) δ = 1.09 (br, 6H), 1.39 (m, 2H), 1.64 (m, 
1H), 1.79 (m, 2H), 1.97 (m, 1H), 2.15 (s, 3H), 2.54 (m, 1H), 2.67 (m, 1H), 2.79 (m, 1H), 4.08 (br, 1H), 4.65 (d, 2H, 
J = 5.5 Hz), 6.42 (br, 1H), 7.01 (d, 1H, J = 7.8 Hz), 7.15 (br, 1H), 7.21 (t, 1H, J = 7.8 Hz), 7.49 (d, 1H, J = 7.8 Hz), 
7.56 (m ,2H), 8.28 (d, 1H, J = 2.2 Hz), 8.45 (br, 1H), 9.90 (br, 1H). LRMS (ESI): 511.2 (M+H)+ 
 
II.1.37. N-(3-(((6-Bromo-2-(isopropylamino)quinazolin-4-yl)amino)methyl)phenyl)nicotinamide (II-35) 
Prepared from N4-(3-aminobenzyl)-6-bromo-N2-isopropylquinazoline-2,4-diamine (70.9 mg, 0.18 mmol) and 
nicotinic acid (33.9 mg, 0.28 mmol) by general procedure C. White solid (80.8 mg, 90%). 1H NMR (DMSO-d6) δ = 
1.09 (d, 6H, J = 4.1 Hz), 4.10 (br, 1H), 4.71 (d, 2H, J = 5.4 Hz), 6.44 (br, 1H), 7.12 (d, 1H, J = 7.8 Hz), 7.14 (t, 1H, 
J = 7.8 Hz), 7.17 (br, 1H), 7.56 (m, 2H), 7.68 (d, 1H, J = 7.8 Hz), 7.77 (s, 1H), 8.26 (ddd, 1H, J = 1.8, 2.2, 8.4 Hz), 
8.30 (d, 1H, J = 2.2 Hz), 8.51 (br, 1H), 8.74 (dd, 1H, J = 1.6, 4.8 Hz), 9.07 (dd, 1H, J = 0.7, 2.2 Hz), 10.41 (br, 1H). 




Prepared from N4-(4-aminobenzyl)-6-bromo-N2-isopropylquinazoline-2,4-diamine (85.9 mg, 0.22 mmol) by 
general procedure C. White solid (112.4 mg, 99%). 1H NMR (DMSO-d6) δ = 1.11 (d, 6H, J = 6.3 Hz), 1.42 (m, 2H), 
1.65 (m, 1H), 1.80 (m, 2H), 2.05 (m, 1H), 2.16 (s, 3H), 2.55 (m, 1H), 2.68 (m, 1H), 2.80 (m,1H), 4.10 (m, 1H), 4.62 
(d, 2H, J = 5.6 Hz), 6.45 (br, 1H), 7.14 (br, 1H), 7.27 (d, 2H, J = 8.5 Hz), 7.52 (d, 2H, J = 8.5 Hz), 7.55 (dd, 1H, J = 






Prepared from N4-((1R,4R)-4-Aminocyclohexyl)-6-bromo-N2-isopropylquinazoline-2,4-diamine (1.73 g, 4.57 
mmol) by general procedure C. White solid (1.47 g, 64%). 1H NMR (DMSO-d6) δ = 1.14 (d, 6H, J = 6.5 Hz), 1.29 
(m, 3H), 1.43 (m, 3H), 1.68 (m, 2H), 1.86 (m, 6H), 2.14 (s, 3H), 2.29 (m, 1H), 2.66 (m, 2H), 3.52 (m, 1H), 4.09 (m, 
2H), 6.40 (br, 1H), 7.11 (d, 1H, J = 8.9 Hz), 7.52 (dd, 1H, J = 2.2, 8.9 Hz), 7.55 (br, 1H), 7.72 (br, 1H), 8.27 (d, 1H, 




Prepared from N4-((1R,4R)-4-aminocyclohexyl)-7-bromo-N2-isopropylquinazoline-2,4-diamine (38.2 mg, 0.101 
mmol) by general procedure C. White solid (32.7 mg, 64%). 1H NMR (CDCl3) δ = 1.25 (d, 6H, J = 6.4 Hz), 1.43 (m, 
4H), 1.57 (m, 4H), 1.71 (m, 1H), 1.85 (m, 1H), 2.18 (m, 5H), 2.26 (s, 3H), 2.31 (m, 1H), 2.67 (m, 2H), 3.84 (m, 1H), 
4.12 (m, 1H), 4.22 (m, 1H), 4.74 (br, 1H), 5.38 (br, 1H), 7.11 (dd, 1H, J = 2.0, 8.7 Hz), 7.35 (d, 1H, J = 8.7 Hz), 7.57 




A solution of II-37 (50.4 mg, 0.10 mmol) in MeOH (3 mL) was hydrigenated over 10%Pd/C (11.6 mg) at room 
temperature for 2 h. The mixture was filtered through Celite filter and the filtrate was evaporated. The residue was 
purified by amino silica gel column chromatography (MeOH/AcOEt-hexane (1:1); 0:100 to 1:9) to give the title 
compound as a white solid (36.7 mg, 86%). 1H NMR (CD3OD) δ = 1.25 (d, 6H, J = 6.5 Hz), 1.47 (m, 6H), 1.78 (m, 
2H), 2.01 (m, 3H), 2.15 (m, 3H), 2.35 (s, 3H), 2.42 (m, 1H), 2.81 (m, 2H), 3.69 (m, 1H), 4.20 (m, 2H), 7.08 (ddd, 
1H, J = 1.0, 8.2, 8.2 Hz), 7.30 (d, 1H, J = 8.2 Hz), 7.51 (ddd, 1H, J = 1.4, 7.0, 7.0 Hz), 7.89 (dd, 1H, J = 1.0, 8.2 Hz). 





carboxamide (II-40) : General procedure D 
A suspension of II-33 (33.0 mg, 0.07 mmol), phenylboronic acid (9.4 mg, 0.08 mmol), Pd(Ph3P)4 (7.5 mg, 6.45 
µmol) and K3PO4 (27.4 mg, 0.13 mmol) in 1,4-dioxane (2 mL) and H2O (1 mL) was heated at 130 °C for 30 min with 
MW irradiation. After cooling, the mixture was diluted with H2O and CHCl3. The organic layer was washed with 
H2O and sat. NaCl, then dried over MgSO4 and filtered. After removal of the solvent in vacuo, the residue was 
purified by amino silica gel column chromatography (MeOH/AcOEt-hexane (1:1); 0:100 to 1:9) to give the title 
compound as a white solid (27.9 mg, 85%). 1H NMR (DMSO-d6) δ = 1.12 (d, 6H, J = 5.3 Hz), 1.47 (m, 2H), 1.70 
(m, 2H), 2.06 (s, 3H), 2.11 (m, 4H), 2.54 (m, 1H), 2.69 (m, 2H), 4.12 (m, 1H), 4.69 (m, 2H), 6.36 (br, 1H), 7.12 (t, 
1H, J = 7.5 Hz), 7.24 (t, 1H, J = 7.5 Hz), 7.32 (m, 3H), 7.46 (m, 2H), 7.59 (m, 1H), 7.76 (m, 2H), 7.85 (dd, 1H, J = 
2.0, 8.7 Hz), 8.40 (d, 1H, J = 2.0 Hz), 8.42 (br, 1H), 9.74 (br, 1H). LRMS (ESI): 509.3 (M+H+). HRMS (FAB) Calcd 




Prepared from II-34 (34.5 mg, 0.07 mmol) by general procedure D. White solid (31.4 mg, 92%). 1H NMR (DMSO-
d6) δ = 1.12 (d, 6H, J = 5.9 Hz), 1.41 (m, 4H), 1.65 (m, 1H), 1.76 (m, 1H), 1.95 (m, 2H), 2.19 (s, 3H), 2.52 (m, 1H), 
2.74 (m, 2H), 4.12 (m, 1H), 4.71 (d, 2H, J = 5.7 Hz), 6.37 (br, 1H), 7.05 (d, 1H, J = 7.8 Hz), 7.23 (t, 1H, J = 7.8 Hz), 
7.32 (m, 2H), 7.48 (m, 3H), 7.60 (s, 1H), 7.85 (dd, 1H, J = 2.0, 7.8 Hz), 8.41 (d, 1H, J = 2.0 Hz), 8.58 (br, 1H), 9.93 
(br, 1H). LRMS (ESI): 509.3 (M+H+). HRMS (FAB) Calcd for C31H37N6O+: 509.3023; Found: 509.3008. 
 
II.1.44. N-(3-(((2-(Isopropylamino)-6-phenylquinazolin-4-yl)amino)methyl)phenyl)nicotinamide (II-42) 
Prepared from II-35 (34.0 mg, 0.07 mmol) by general procedure D. White solid (33.1 mg, 98%) . 1H NMR (DMSO-
d6) δ = 1.12 (d, 6H, J = 6.1 Hz), 4.14 (m, 1H), 4.77 (d, 2H, J = 5.6 Hz), 6.38 (br, 1H), 7.16 (d, 1H, J = 7.5 Hz), 7.30 
(br, 1H), 7.32 (t, 2H, J = 7.5 Hz), 7.46 (t, 2H, J = 7.5 Hz), 7.53 (ddd, 1H, J = 0.8, 4.8, 4.8 Hz), 7.68 (br, 1H), 7.77 
(m, 2H), 7.81 (s, 1H), 7.85 (dd, 1H, J = 2.0, 8.7 Hz), 8.25 (ddd, 1H, J = 1.7, 2.2, 7.5 Hz), 8.43 (d, 1H, J = 2.0 Hz), 
8.64 (br, 1H), 8.73 (dd, 1H, J = 1.7, 4.8 Hz), 9.08 (dd, 1H, J = 0.8, 2.2 Hz), 10.42 (br, 1H). LRMS (ESI): 489.3 
70 
 




Prepared from II-36 (34.5 mg, 0.07 mmol) by general procedure D. White solid (29.1 mg, 85%). 1H NMR (DMSO-
d6) δ = 1.13 (d, 6H, J = 6.8 Hz), 1.35 (m, 1H), 1.47 (m, 1H), 1.66 (m, 1H), 1.77 (m, 1H), 1.89 (m, 1H), 2.05 (m, 1H), 
2.18 (s, 3H), 2.55 (m, 1H), 2.69 (m, 1H), 2.82 (m, 1H), 4.14 (m, 1H), 4.68 (d, 2H, J = 5.6 Hz), 6.37 (br, 1H), 7.31 
(m, 2H), 7.32 (d, 2H, J = 8.6 Hz), 7.46 (m, 2H), 7.52 (d, 2H, J = 8.6 Hz), 7.75 (m, 2H), 7.84 (dd, 1H, J = 2.0, 8.7 
Hz), 8.37 (d, 1H, J = 2.0 Hz), 8.53 (br, 1H), 9.91 (br, 1H). LRMS (ESI): 509.3 (M+H+). HRMS (FAB) Calcd for 




Prepared from II-37 (31.5 mg, 0.06 mmol) by general procedure D. White solid (28.6 mg, 91%). 1H NMR (DMSO-
d6) δ = 1.17 (d, 6H, J = 6.5 Hz), 1.32 (m, 3H), 1.56 (m, 3H), 1.63 (m, 2H), 1.90 (m, 6H), 2.15 (s, 3H), 2.31 (m, 1H), 
2.68 (m, 2H), 3.54 (m, 1H), 4.14 (m, 2H), 6.32 (br, 1H), 7.27 (br, 1H), 7.32 (ddd, 1H, J = 1.1, 7.4, 7.4 Hz), 7.46 (m, 
2H), 7.64 (br, 1H), 7.75 (m, 3H), 7.80 (dd, 1H, J = 2.0, 8.7 Hz), 8.33 (d, 1H, J = 2.0 Hz). LRMS (ESI): 501.4 (M+H+). 




Prepared from II-39 (33.1 mg, 0.07 mmol) by general procedure D. Yellow solid (30.4 mg, 92%). 1H NMR (CDCl3) 
δ = 1.28 (d, 6H, J = 6.5 Hz), 1.29 (m, 3H), 1.40 (m, 4H), 1.71 (m, 1H), 1.84 (m, 1H), 2.19 (m, 6H), 2.27 (s, 3H), 2.44 
(m, 1H), 2.68 (m, 2H), 3.86 (m, 1H), 4.18 (m, 1H), 4.27 (m, 1H), 4.82 (br, 1H), 5.33 (br, 1H), 7.31 (dd, 1H, J = 1.8, 
8.4 Hz), 7.37 (m, 1H), 7.45 (m, 2H), 7.49 (d, 1H, J = 8.4 Hz), 7.67 (m, 3H). LRMS (ESI): 501.4 (M+H+). HRMS 






Prepared from II-37 (30.0 mg, 0.06 mmol) and 2-fluorophenylboronic acid (10.0 mg, 0.07 mmol) by general 
procedure D. White solid (11.5 mg, 37%). 1H NMR (CD3OD) δ = 1.27 (d, 6H, J = 6.5 Hz), 1.50 (m, 6H), 1.76 (m, 
2H), 1.99 (m, 3H), 2.14 (m, 3H), 2.38 (s, 3H), 2.42 (m, 1H), 2.82 (m, 2H), 3.68 (m, 1H), 4.23 (m, 2H), 7.18 (ddd, 
1H, J = 1.2, 7.5, 7.5 Hz), 7.25 (ddd, 1H, J = 1.2, 8.2, 8,2 Hz), 7.35 (m, 2H), 7.55 (ddd, 1H, J = 1.8, 8.7, 8.7 Hz), 7.71 
(ddd, 1H, J = 2.0, 2.0, 8.7 Hz), 8.11 (d, 1H, J = 1.8 Hz). LRMS (ESI): 519.3 (M+H)+. HRMS (FAB) Calcd for 




Prepared from II-37 (30.0 mg, 0.06 mmol) and 3-fluorophenylboronic acid (10.0 mg, 0.07 mmol) by general 
procedure D. White solid (20.1 mg, 65%). 1H NMR (CD3OD) δ = 1.26 (d, 6H, J = 6.5 Hz), 1.44 (m, 3H), 1.58 (m, 
3H), 1.77 (m, 2H), 1.99 (m, 3H), 2.15 (m, 3H), 2.28 (s, 3H), 2.42 (m, 1H), 2.81 (m, 2H), 3.70 (m, 1H), 4.23 (m, 2H), 
7.05 (m, 1H), 7.38 (d, 1H, J = 8.7 Hz), 7.48 (m, 3H), 7.83 (dd, 1H, J = 2.1, 8.7 Hz), 8.25 (d, 1H, J = 2.0 Hz). LRMS 




Prepared from II-37 (50.0 mg, 0.10 mmol) and 4-fluorophenylboronic acid (16.7 mg, 0.12 mmol) by general 
procedure D. White solid (33.9 mg, 66%). 1H NMR (CD3OD) δ = 1.26 (d, 6H, J = 6.5 Hz), 1.44 (m, 3H), 1.58 (m, 
3H), 1.77 (m, 2H), 1.99 (m, 3H), 2.15 (m, 3H), 2.28 (s, 3H), 2.42 (m, 1H), 2.81 (m, 2H), 3.70 (m, 1H), 4.23 (m, 2H), 
7.05 (m, 1H), 7.38 (d, 1H, J = 8.7 Hz), 7.48 (m, 3H), 7.83 (dd, 1H, J = 2.1, 8.7 Hz), 8.25 (d, 1H, J = 2.0 Hz). LRMS 






Prepared from II-37 (50.0 mg, 0.10 mmol) and 3-chlorophenylboronic acid (11.2 mg, 0.07 mmol) by general 
procedure D. White solid (21.7 mg, 41%). 1H NMR (DMSO-d6) δ = 1.17 (d, 6H, J = 6.5 Hz), 1.31 (m, 3H), 1.46 (m, 
3H), 1.60 (m, 2H), 1.85 (m, 4H), 2.00 (m, 2H), 2.14 (s, 3H), 2.30 (m, 1H), 2.67 (m, 2H), 3.55 (m, 1H), 4.14 (m, 2H), 
6.38 (br, 1H), 7.26 (br, 1H), 7.38 (ddd, 1H, J = 1.0, 1.0, 7.9 Hz), 7.49 (t, 1H, J = 7.9 Hz), 7.59 (m, 3H), 7.75 (br, 1H), 
7.82 (m, 1H), 8.34 (d, 1H, J = 2.0 Hz). LRMS (ESI): 535.3 (M+H)+. HRMS (FAB) Calcd for C30H40ClN6O+: 




Prepared from II-37 (30.0 mg, 0.06 mmol) and 3-methoxyphenylboronic acid (10.9 mg, 0.07 mmol) by general 
procedure D. White solid (22.9 mg, 72%). 1H NMR (DMSO-d6) δ = 1.17 (d, 6H, J = 6.5 Hz), 1.29 (m, 3H), 1.46 (m, 
3H), 1.63 (m, 2H), 1.89 (m, 6H), 2.14 (s, 6H), 2.31 (m, 1H), 2.67 (m, 2H), 3.54 (m, 1H), 3.84 (s, 3H), 3.99 (m, 2H), 
6.91 (ddd, 1H, J = 0.9, 0.9, 8.0 Hz), 7.29 (m, 3H), 7.38 (t, 1H, J = 7.8 Hz), 7.63 (br, 1H), 7.74 (d, 1H, J = 7.8 Hz), 
7.78 (dd, 1H, J = 2.0, 8.7 Hz), 8.31 (d, 1H, J = 2.0 Hz). LRMS (ESI): 531.4 (M+H)+. HRMS (FAB) Calcd for 
C31H43N6O2+: 531.3442; Found: 531.3448. 
 
II.2. In vitro evaluation 
II.2.1. Human NPR-A agonist activity 






第 III 章 ヒトとラットの活性種差の改善に向けたキナゾリン、ピリドピリミジン誘導体の合成展開 
 
III.1. Chemistry 
III.1.1. Methyl 5-bromo-2-(3-(2,2,2-trichloroacetyl)ureido)benzoate (III-6): General procedure A 
A solution of methyl 2-amino-5-bromobenzoate III-2 (27.5 g, 119 mmol) and 2,2,2-trichloroacetyl isocyanate (14.1 mL, 
119 mmol) in THF (300 mL) was stirred for 2 h at room temperature. The solvent was removed and the residue was exposed 
with Et2O, and the precipitate was collected to give the title compound as a white solid (44.4 g, 89%). 1H NMR (DMSO-
d6) δ = 3.91 (s, 3H), 7.85 (dd, 1H, J = 2.5, 9.0 Hz), 8.07 (d, 1H, J = 2.5 Hz), 8.33 (d, 1H, J = 9.0 Hz), 11.61 (br, 1H), 11.92 
(br, 1H). LRMS (ESI): 416.8 (M+H) + 
 
III.1.2. Methyl 5-bromo-2-(3-(2,2,2-trichloroacetyl)ureido)nicotinate (III-7) 
Prepared from methyl 2-amino-5-bromonicotinate III-3 (1.42 g, 6.15 mmol) by general procedure A. White solid (2.57 
g, 100%). 1H NMR (DMSO-d6) δ = 3.89 (s, 3H), 8.48 (d, 1H, J = 2.4 Hz), 8.80 (d, 1H, J = 2.4 Hz), 10.63 (br, 1H), 12.91 
(br, 1H). LRMS (ESI): 419.8 (M+H)+ 
 
III.1.3. Methyl 2-chloro-5-(3-(2,2,2-trichloroacetyl)ureido)isonicotinate (III-8) 
Prepared from methyl 5-amino-2-chloroisonicotinate III-4 (478.0 mg, 2.56 mmol) by general procedure A. White solid 
(892.7 mg, 93%). 1H NMR (DMSO-d6) δ = 3.93 (s, 3H), 7.87 (s, 1H), 9.32 (s, 1H), 11.3 (br, 1H), 12.1 (br, 1H). LRMS 
(ESI): 375.9 (M+H)+ 
 
III.1.4. Methyl 6-chloro-3-(3-(2,2,2-trichloroacetyl)ureido)picolinate (III-9) 
Prepared from methyl 3-amino-6-chloropicolinate III-5 (2.0 g, 10.7 mmol) by general procedure A. White solid (3.9 g, 
97%). 1H NMR (DMSO-d6) δ = 3.92 (s, 3H), 7.80 (d, 1H, J = 8.9 Hz), 8.80 (d, 1H, J = 8.9 Hz), 11.61 (br, 1H), 12.07 (br, 




III.1.5. 6-Bromoquinazoline-2,4(1H,3H)-dione (III-10) : General procedure B 
A solution of III-6 (21.6 g, 51.5 mmol), and 7M ammonia in MeOH (100 mL, 51.5 mmol) in MeOH (100 mL) was stirred 
for 2 h at room temperature. The solvent was removed and MeOH (100 mL) was added and the mixture was refluxed for 
3 h. After cooling, the precipitate was collected to give the title compound as a white solid (10.95 g, 88%). 1H NMR 
(DMSO-d6) δ = 7.13 (d, 1H, J = 8.6 Hz), 7.80 (dd, 1H, J = 2.4, 8.6 Hz), 7.94 (d, 1H, J = 2.2 Hz), 11.36 (br, 2H). LRMS 
(ESI): 241 (M+H+). 
 
III.1.6. 6-Bromopyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione (III-11) 
Prepared from III-7 (2.58 g, 6.15 mmol) by general procedure B. White solid (1.44 g, 97%). 1H NMR (DMSO-d6) δ = 
8.34 (d, 1H, J = 2.5 Hz), 8.72 (d, 1H, J = 2.5 Hz), 11.59 (br, 1H), 11.84 (br, 1H). LRMS (ESI): 243.0 (M+H)+ 
 
III.1.7. 6-Chloropyrido[3,4-d]pyrimidine-2,4(1H,3H)-dione (III-12) 
Prepared from III-8 (2.05 g, 5.47 mmol) by general procedure B. White solid (1.00 g, 93%). 1H NMR (DMSO-d6) δ = 
7.77 (d, 1H, J = 0.7 Hz), 8.36 (d, 1H, J = 0.7 Hz), 11.60 (br, 2H). LRMS (ESI): 198.0 (M+H)+ 
 
III.1.8. 6-Chloropyrido[3,2-d]pyrimidine-2,4(1H,3H)-dione (III-13) 
Prepared from III-9 (3.58 g, 9.55 mmol) by general procedure B. White solid (1.13g, 60%). 1H NMR (DMSO-d6) δ = 
7.63 (d, 1H, J = 8.6 Hz), 7.72 (d, 1H, J = 8.6 Hz), 11.4 (br, 1H), 11.6 (br, 1H). LRMS (ESI): 198.0 (M+H)+ 
 
III.1.9. 6-Bromo-2,4-dichloroquinazoline (III-14) : General procedure C 
A solution of III-10 (12.0g, 49.8 mmol), POCl3 (46.4 mL, 498 mmol) and N,N-diethylaniline (31.7 mL, 199 mmol) was 
heated under reflux for 5 h. After cooling, the mixture was evaporated and the mixture was diluted with H2O and CHCl3. 
The organic layer was washed with H2O and sat. NaCl, then dried over MgSO4 and filtered. After removal of the solvent 
in vacuo, the residue was purified by silica gel column chromatography (CHCl3/hexane; 1:2 to 4:1) to give the title 
compound as a white solid (10.4 g, 75%). 1H NMR (CDCl3) δ = 7.88 (dd, 1H, J = 0.3, 9.0 Hz), 8.06 (dd, 1H, J = 2.1, 9.0 




III.1.10. 6-Bromo-2,4-dichloropyrido[2,3-d]pyrimidine (III-15) 
Prepared from III-11 (1.02 g, 4.23 mmol) by general procedure C. Yellow solid (755.1 mg, 64%). 1H NMR (CDCl3) δ = 
8.75 (d, 1H, J = 2.5 Hz), 9.30 (d, 1H, J = 2.5 Hz). LRMS (ESI): 279.8 (M+H)+ 
 
III.1.11. 2,4,6-Trichloropyrido[3,4-d]pyrimidine (III-16) 
Prepared from III-12 (561.7 mg, 2.84 mmol) by general procedure C. Yellow solid (266.4 mg, 40%). 1H NMR (CDCl3) 
δ = 8.07 (s, 1H), 9.30 (s, 1H). LRMS (ESI): 233.9 (M+H)+ 
 
III.1.12. 2,4,6-Trichloropyrido[3,2-d]pyrimidine (III-17) 
Prepared from III-13 (205.8 mg, 1.04 mmol) by general prcedure C. White solid (182.9 mg, 75%). 1H NMR (CDCl3) δ = 
7.87 (d, 1H, J = 8.8 Hz), 8.25 (d, 1H, J = 8.8 Hz). LRMS (ESI): 233.9 (M+H)+ 
 
III.1.13. tert-Butyl ((1R,4R)-4-((6-bromo-2-chloroquinazolin-4-yl)amino)cyclohexyl)carbamate (III-18) : General 
procedure D 
A solution of III-14 (247.9 mg, 1.16 mmol), N-Boc-trans-1,4-cyclohexanediamine (354.0 mg, 1.27 mmol) and DIPEA 
(0.30 mL, 1.74 mmol) in THF (3 mL) was stirred for 3 h at room temperature. The mixture was diluted with H2O and 
CHCl3. The organic layer was washed with H2O and sat. NaCl, then dried over MgSO4 and filtered. After removal of the 
solvent in vacuo, the residue was purified by silica gel column chromatography (AcOEt/hexane; 0:100 to 1:1) to give the 
title compound as a white solid (478.1 mg, 91%). 1H NMR (DMSO-d6) δ = 1.29 (m, 2H), 1.39 (s, 9H), 1.47 (m, 2H), 1.86 
(m, 2H), 1.94 (m, 2H), 4.02 (m, 1H), 6.77 (br, 1H), 7.54 (d, 1H, J = 8.9 Hz), 7.91 (dd, 1H, J = 2.1, 8.9 Hz), 8.48 (br, 1H), 
8.64 (d, 1H, J = 2.1 Hz). LRMS (ESI): 455.0 (M+H)+ 
 
III.1.14. tert-Butyl ((1S,4S)-4-((6-bromo-2-chloroquinazolin-4-yl)amino)cyclohexyl)carbamate (III-19) 
Prepared from III-14 (2.13 g, 7.66 mmol) and N-Boc-cis-1,4-cyclohexanediamine (1.81 g, 8.43 mmol) by general 
procedure D. White solid. (3.03 g, 87%). 1H NMR (DMSO-d6) δ = 1.40 (s, 9H), 1.56 (m, 2H), 1.67 (m, 2H), 1.81 (m, 4H), 
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3.48 (m, 1H), 4.10 (m, 1H), 6.66 (br, 1H), 7.54 (d, 1H, J = 8.8 Hz), 7.91 (dd, 1H, J = 2.1, 8.8 Hz), 8.36 (br, 1H), 8.72 (d, 
1H, J = 2.1 Hz). LRMS (ESI): 455.0 (M+H)+ 
 
III.1.15. tert-Butyl ((1S,4S)-4-((6-bromo-2-chloropyrido[2,3-d]pyrimidin-4-yl)amino)cyclohexyl)carbamate (III-20) 
Prepared from III-15 (155.7 mg, 0.56 mmol) and N-Boc-cis-1,4-cyclohexanediamine (144.0 mg, 0.67 mmol) by general 
procedure D. Slight yellow solid (275.0 mg, quant.). 1H NMR (CDCl3) δ = 1.46 (s, 9H), 1.87 (m, 8H), 3.71 (m, 1H), 4.43 
(m, 1H), 4.64 (br, 1H), 6.09 (br, 1H), 8.26 (d, 1H, J = 2.4 Hz), 9.02 (d, 1H, J = 2.4 Hz). LRMS (ESI): 456.0 (M+H)+ 
 
III.1.16. tert-Butyl ((1S,4S)-4-((2,6-dichloropyrido[3,4-d]pyrimidin-4-yl)amino)cyclohexyl)carbamate (III-21) 
Prepared from III-16 (444.9 mg, 1.90 mmol) and N-Boc-cis-1,4-cyclohexanediamine (447.3 mg, 2.09 mmol) by general 
procedure D. Yellow solid, which was recrystallized from AcOEt-hexane (665.1 mg, 85%). 1H NMR (CDCl3) δ = 1.47 (s, 
9H), 1.77 (m, 4H), 1.91 (m, 4H), 3.71 (m, 1H), 4.42 (m, 1H), 4.62 (br, 1H), 5.93 (br, 1H), 7.56 (s, 1H), 8.98 (s, 1H). LRMS 
(ESI): 412.1 (M+H)+ 
 
III.1.17. tert-Butyl ((1S,4S)-4-((2,6-dichloropyrido[3,2-d]pyrimidin-4-yl)amino)cyclohexyl)carbamate (III-22) 
Prepared from III-17 (338.1 mg, 1.44 mmol) and N-Boc-cis-1,4-cyclohexanediamine (340.1 mg, 1.59 mmol) by general 
procedure D. Slight yellow solid, which was recrystallized from AcOEt-hexane (583.8 mg, 98%). 1H NMR (DMSO-d6) δ 
= 1.40 (s, 9H), 1.62 (m, 8H), 1.89 (m, 2H), 3.60 (m, 1H), 4.12 (m, 1H), 6.54 (br, 1H), 7.91 (d, 1H, J = 8.8 Hz), 8.10 (d, 1H, 
J = 8.8 Hz). LRMS (ESI): 412.1 (M+H)+ 
 
III.1.18. tert-Butyl ((1R,4R)-4-((6-bromo-2-(((R)-1-hydroxypropan-2-yl)amino)quinazolin-4-
yl)amino)cyclohexyl)carbamate (III-23b) : General procedure E 
A solution of III-18 (420.2 mg, 0.92 mmol) and (R)-(-)-2-Amino-1-propanol (1.5 mL) in EtOH (3.0 mL) was heated at 
160 °C for 30 min with MW irradiation. After cooling, the mixture was evaporated and the residue was diluted with H2O 
and CHCl3. The organic layer was washed with H2O and sat. NaCl, then dried over MgSO4 and filtered. After removal of 
the solvent in vacuo, the residue was purified by amino silica gel column chromatography (MeOH/AcOEt-hexane (1:1); 
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0:100 to 1:9) to give the title compound as a white solid (370.2 mg, 81%). 1H NMR (DMSO-d6) δ = 0.35 (d, 3H, J = 6.8 
Hz), 0.48 (m, 2H), 0.55 (s, 9H), 0.62 (m, 2H), 1.09 (m, 2H), 1.20 (m, 2H), 2.47 (m, 1H), 2.72 (m, 2H), 3.22 (m, 2H), 6.29 
(d, 1H, J = 8.9 Hz), 6.68 (dd, 1H, J = 2.2, 8.9 Hz), 7.24 (d, 1H, J = 2.2 Hz). LRMS (ESI): 494.2 (M+H)+ 
 
III.1.19. tert-Butyl ((1S,4S)-4-((6-bromo-2-(isopropylamino)quinazolin-4-yl)amino)cyclohexyl)carbamate (III-24a) 
Prepared from III-19 (1.74 g, 3.82 mmol) and isopropyamine (4.0 mL) by general procedure E. White amorphous (1.66 
g, 91%). 1H NMR (CDCl3) δ = 1.25 (d, 6H, J = 6.5 Hz), 1.46 (s, 9H), 1.69 (m, 4H), 1.87 (m, 4H), 3.70 (m, 1H), 4.21 (m, 




Prepared from III-19 (313.4 mg, 0.69 mmol) and (R)-(-)-2-Amino-1-propanol (1.2 mL) by general procedure E. White 
solid (278.1 mg, 82%). 1H NMR (DMSO-d6) δ = 1.11 (d, 3H, J = 6.6 Hz), 1.40 (s, 9H), 1.52 (m, 2H), 1.65 (m, 2H), 1.80 
(m, 4H), 3.34 (m, 1H), 3.46 (m, 2H), 4.05 (m, 2H), 4.71 (br, 1H), 6.21 (br, 1H), 6.61 (br, 1H), 7.12 (d, 1H, J = 8.9 Hz), 




Prepared from III-19 (414.2 mg, 0.91 mmol), (R)-1-methoxypropan-2-amine hydrochloride (423.0 mg, 2.27 mmol) and 
DIPEA (2.4 mL, 13.5 mmol) by general procedure E. White amorphous (340.1 mg, 74%). 1H NMR (CDCl3) δ = 1.27 (d, 
3H, J = 6.7 Hz), 1.46 (s, 9H), 1.69 (m, 4H), 1.87 (m, 4H), 3.38 (s, 3H), 3.43 (m, 1H), 3.49 (dd, 1H, J = 4.5, 9.2 Hz), 3.70 







Prepared from III-19 (77.5 mg, 0.17 mmol) and (S)-1-methoxypropan-2-amine (0.7 mL) by general procedure E. White 
solid (84.9 mg, 98%). 1H NMR (CDCl3) δ = 1.27 (d, 3H, J = 6.7 Hz), 1.46 (s, 9H), 1.69 (m, 4H), 1.87 (m, 4H), 3.38 (s, 
3H), 3.42 (dd, 1H, J = 5.2, 9.2 Hz), 3.49 (dd, 1H, J = 4.5, 9.2 Hz), 3.71 (m, 1H), 4.29 (m, 2H), 4.61 (br, 1H), 5.11 (br, 1H), 
5.30 (br, 1H), 7.29 (d, 1H, J = 9.4 Hz), 7.56 (m, 2H). LRMS (ESI): 508.2 (M+H)+ 
 
III.1.23. tert-Butyl ((1S,4S)-4-((6-bromo-2-((2-methoxyethyl)amino)quinazolin-4-yl)amino)cyclohexyl)carbamate 
(III-24e) 
Prepared from III-19 (117.1 mg, 0.26 mmol) and 2-methoxyethanamine (1.0 mL) by general procedure E. White 
amorphous (123.3 mg, 97%). 1H NMR (CDCl3) δ = 1.46 (s, 9H), 1.69 (m, 4H), 1.87 (m, 4H), 3.39 (s, 3H), 3.58 (t, 2H, J = 
5.1 Hz), 3.67 (q, 2H, J = 5.1 Hz), 3.70 (m, 1H), 4.25 (m, 1H), 4.62 (br, 1H), 5.28 (m, 2H), 7.31 (d, 1H, J = 9.4 Hz), 7.56 




Prepared from III-19 (117.0 mg, 0.26 mmol) and 2-(Methylamino)ethanol (1.0 mL) by general procedure E. White 
amorphous (121.0 mg, 95%). 1H NMR (CDCl3) δ = 1.46 (s, 9H), 1.66 (m, 2H), 1.86 (m, 6H), 3.25 (s, 3H), 3.70 (m, 1H), 





Prepared from III-20 (309.3 mg, 0.68 mmol) and isopropylamine (1.5 mL) by general procedure E. White amorphous 
(305.1 mg, 94%). 1H NMR (CDCl3) δ = 1.26 (d, 6H, J = 6.5 Hz), 1.46 (s, 9H), 1.82 (m, 8H), 3.70 (m, 1H), 4.24 (m, 1H), 







Prepared from III-20 (59.2 mg, 0.13 mmol) and (R)-(-)-2-Amino-1-propanol (0.8 mL) by general procedure E. Slight 
yellow amorphous (53.3 mg, 83%). 1H NMR (CDCl3) δ = 1.27 (d, 3H, J = 6.8 Hz), 1.46 (s, 9H), 1.75 (m, 8H), 3.65 (dd, 
1H, J = 7.3, 10.8 Hz), 3.70 (br, 1H), 3.80 (br, 1H), 4.21 (br, 1H), 4.36 (br, 1H), 4.67 (br, 1H), 5.23 (br, 1H), 5.56 (br, 1H), 




Prepared from III-21 (157.4 mg, 0.38 mmol) and (R)-(-)-2-Amino-1-propanol (1.5 mL) by general procedure E. Slight 
yellow solid, which was recrystallized from AcOEt-hexane (129.6 mg, 75%). 1H NMR (CDCl3) δ = 1.28 (d, 3H, J = 6.8 
Hz), 1.46 (s, 9H), 1.76 (m, 4H), 1.90 (m, 4H), 3.65 (dd, 1H, J = 7.6, 10.8 Hz), 3.71 (m, 2H), 3.81 (dd, 1H, J = 2.7, 10.8 




Prepared from III-22 (206.8 mg, 0.50 mmol) and (R)-1-methoxypropan-2-amine (0.7 mL) by general procedure E. White 
solid (211.5 mg, 91%). 1H NMR (DMSO-d6) δ = 1.12 (d, 3H, J = 6.7 Hz), 1.40 (s, 9H), 1.61 (m, 6H), 1.88 (m, 2H), 3.24 
(dd, 1H, J = 6.6, 9.3 Hz), 3.26 (s, 3H), 3.41 (dd, 1H, J = 5.9, 9.3 Hz), 3.58 (m, 1H), 4.11 (m, 1H), 4.23 (m, 1H), 6.75 (br, 
1H), 7.04 (br, 1H), 7.56 (d, 1H, J = 8.8 Hz), 7.65 (br, 1H). LRMS (ESI): 465.2 (M+H)+ 
 
III.1.29. tert-Butyl ((1R,4R)-4-((2-(((R)-1-hydroxypropan-2-yl)amino)-6-phenylquinazolin-4-
yl)amino)cyclohexyl)carbamate (III-28b) : General procedure F 
A suspension of III-23b (138.3 mg, 0.28 mmol), phenylboronic acid (40.9 mg, 0.34 mmol), Pd(Ph3P)4 (32.3 mg, 0.03 
mmol) and K3PO4 (119 mg, 0.56 mmol) in 1,4-dioxane (2 mL) and H2O (1 mL) was heated at 130 °C for 30 min with MW 
irradiation. After cooling, the mixture was filtered through a Celite filter and the filtrate was diluted with H2O and CHCl3. 
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The organic layer was washed with H2O and sat. NaCl, then dried over MgSO4 and filtered. After removal of the solvent 
in vacuo, the residue was purified by amino silica gel column chromatography (MeOH/AcOEt-hexane (1:1); 0:100 to 1:9) 
to give the title compound as a white solid (136.3 mg, 99%). 1H NMR (DMSO-d6) δ = 1.14 (d, 3H, J = 6.6 Hz), 1.29 (m, 
2H), 1.39 (s, 9H), 1.46 (m, 2H), 1.86 (m, 2H), 1.96 (m, 2H), 3.27 (m, 1H), 3.36 (m, 1H), 3.49 (m, 1H), 4.09 (m, 2H), 4.80 
(m, 1H), 6.18 (br, 1H), 6.79 (br, 1H), 7.26 (d, 1H, J = 8.7 Hz), 7.33 (m, 1H), 7.47 (m, 2H), 7.63 (br, 1H), 7.75 (m, 2H), 




Prepared from III-23b (134.0 mg, 0.27 mmol) and 3-fluorophenylboronic acid (45.5 mg, 0.33 mmol) by general procedure 
F. White solid, which was recrystallized from AcOEt-hexane (123.3 mg, 89%). 1H NMR (DMSO-d6) δ = 1.14 (d, 3H, J = 
6.6 Hz), 1.29 (m, 2H), 1.39 (s, 9H), 1.48 (m, 2H), 1.86 (m, 2H), 1.97 (m, 2H), 3.26 (m, 1H), 3.36 (m, 1H), 3.48 (m, 1H), 
4.08 (m, 2H), 4.78 (m, 1H), 6.24 (br, 1H), 6.79 (br, 1H), 7.15 (m, 1H), 7.26 (d, 1H, J = 8.8 Hz), 7.50 (m, 1H), 7.62 (m, 
3H), 7.85 (dd, 1H, J = 2.0, 8.8 Hz), 8.36 (d, 1H, J = 2.0 Hz). LRMS (ESI): 510.3 (M+H)+ 
 
III.1.31. tert-Butyl ((1S,4S)-4-((6-(3-fluorophenyl)-2-(isopropylamino)quinazolin-4-yl)amino)cyclohexyl)carbamate 
(III-30a) 
Prepared from III-24a (1.02 g, 2.14 mmol) and 3-fluorophenylboronic acid (0.36 g, 2.56 mmol) by general procedure F. 
White solid (881.0 mg, 84%). 1H NMR (CDCl3) δ = 1.27 (d, 6H, J = 6.5 Hz), 1.46 (s, 9H), 1.78 (m, 6H), 1.94 (m, 2H), 
3.73 (m, 1H), 4.25 (m, 2H), 4.64 (br, 1H), 5.06 (br, 1H), 5.56 (br, 1H), 7.04 (m, 1H), 7.35 (m, 1H), 7.47 (m, 2H), 7.50 (d, 




Prepared from III-24b (218.7 mg, 0.44 mmol) and 3-fluorophenylboronic acid (74.3 mg, 0.53 mmol) by general procedure 
F. White solid (209.7 mg, 93%). 1H NMR (DMSO-d6) δ = 1.13 (d, 3H, J = 6.6 Hz), 1.40 (s, 9H), 1.53 (m, 2H), 1.70 (m, 
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2H), 1.82 (m, 4H), 3.36 (m, 1H), 3.47 (m, 2H), 4.11 (m, 2H), 4.78 (br, 1H), 6.17 (br, 1H), 6.62 (br, 1H), 7.15 (m, 1H), 7.26 





Prepared from III-24c (86.0 mg, 0.17 mmol) and 3-fluorophenylboronic acid (28.4 mg, 0.20 mmol) by general procedure 
F. White solid (79.2 mg, 89%). 1H NMR (CDCl3) δ = 1.30 (d, 3H, J = 6.7 Hz), 1.46 (s, 9H), 1.75 (m, 4H), 1.82 (m, 2H), 
1.94 (m, 2H), 3.40 (s, 3H), 3.44 (dd, 1H, J = 5.2, 9.2 Hz), 3,52 (dd, 1H, J = 4.5, 9.2 Hz), 3.73 (m, 1H), 4.33 (m, 2H), 4.63 
(br, 1H), 5.10 (br, 1H), 5.49 (br, 1H), 7.04 (m, 1H), 7.31 (m, 1H), 7.40 (m, 2H), 7.49 (d, 1H, J = 8.7 Hz), 7.57 (d, 1H, J = 




Prepared from III-24d (53.0 mg, 0.10 mmol) and 3-fluorophenylboronic acid (17.5 mg, 0.13 mmol) by general procedure 
F. 1H NMR (CDCl3) δ = 1.30 (d, 3H, J = 6.7 Hz), 1.46 (s, 9H), 1.80 (m, 6H), 1.94 (m, 2H), 3.41 (s, 3H), 3.44 (m, 1H), 3.52 
(dd, 1H, J = 4.4, 9.2 Hz), 3.72 (m, 1H), 4.35 (m, 2H), 4.63 (m, 1H), 5.12 (br, 1H), 5.45 (br, 1H), 7.04 (m, 1H), 7.34 (m, 





Prepared from III-24e (88.3 mg, 0.18 mmol) and 3-fluorophenylboronic acid (30.0 mg, 0.21 mmol) by general procedure 
F. Slight yellow solid (81.6 mg, 90%). 1H NMR (CDCl3) δ = 1.46 (s, 9H), 1.72 (m, 4H), 1.82 (m, 2H), 1.94 (m, 2H), 3.41 
(s, 3H), 3.61 (t, 2H, J = 5.2 Hz), 3.71 (q, 2H, J = 5.2 Hz), 3.73 (m, 1H), 4.30 (m, 1H), 4.63 (br, 1H), 5.27 (br, 1H), 5.47 
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(br, 1H), 7.04 (m, 1H), 7.31 (m, 1H), 7.40 (m, 2H), 7.51 (d, 1H, J = 8.7 Hz), 7.57 (d, 1H, J = 2.0 Hz), 7.75 (dd, 1H, J = 




Prepared from III-24f (101.0 mg, 0.20 mmol) and 3-fluorophenylboronic acid (34.3 mg, 0.25 mmol) by general procedure 
F. Slight yellow solid (101.2 mg, 97%). 1H NMR (CDCl3) δ = 1.46 (s, 9H), 1.71 (m, 2H), 1.83 (m, 4H), 1.96 (m, 2H), 3.29 
(s, 3H), 3.73 (m, 1H), 3.83 (m, 2H), 3.92 (m, 2H), 4.29 (m, 1H), 4.64 (br, 1H), 5.57 (br, 1H), 7.04 (m, 1H), 7.30 (m, 1H), 




Prepared from III-25a (204.0 mg, 0.43 mmol) and 3-fluorophenylboronic acid (71.4 mg, 0.51 mmol) by general procedure 
F. Yellow amorphous (181.2 mg, 86%). 1H NMR (CDCl3) δ = 1.28 (d, 6H, J = 6.5 Hz), 1.45 (s, 9H), 1.83 (m, 8H), 3.73 
(m, 1H), 4.28 (m, 1H), 4.46 (m, 1H), 4.62 (m, 1H), 5.00 (br, 1H), 5.49 (br, 1H), 7.08 (m, 1H), 7.30 (m, 1H), 7.47 (m, 4H), 




Prepared from III-25b (55.3 mg, 0.11 mmol) and 3-fluorophenylboronic acid (18.74 mg, 0.13 mmol) by general procedure 
F. Slight brown amorphous (40.8 mg, 72%). 1H NMR (CDCl3) δ = 1.28 (d, 3H, J = 6.8 Hz), 1.45 (s, 9H), 1.78 (m, 6H), 
1.93 (m, 2H), 3.66 (dd, 1H, J = 7.2, 10.9 Hz), 3.72 (br, 1H), 3.81 (m, 1H), 4.26 (br, 1H), 4.38 (br, 1H), 4.69 (br, 1H), 5.20 
(br, 1H), 5.73 (br, 1H), 7.08 (m, 1H), 7.29 (m, 1H), 7.37 (m, 1H), 7.44 (m, 1H), 7.92 (br, 1H), 8.96 (d, 1H, J = 2.4 Hz). 






Prepared from III-26b (58.2 mg, 0.13 mmol) and 3-fluorophenylboronic acid (21.7 mg, 0.16 mmol) by general procedure 
F. White solid, which was recrystallized from AcOEt-hexane (39.5 mg, 60%). 1H NMR (CDCl3) δ = 1.30 (d, 3H, J = 6.8 
Hz), 1.46 (s, 9H), 1.80 (m, 6H), 1.94 (m, 2H), 3.67 (dd, 1H, J = 7.7, 10.8 Hz), 3.73 (m, 1H), 3.82 (dd, 1H, J = 2.7, 10.8 
Hz), 4.26 (m, 2H), 4.65 (m, 1H), 5.15 (br, 1H), 5.62 (br, 1H), 7.09 (m, 1H), 7.44 (m, 1H), 7.58 (s, 1H), 7.72 (m, 1H), 7.78 




Prepared from III-27c (92.5 mg, 0.20 mmol) and 3-fluorophenylboronic acid (33.4 mg, 0.24 mmol) by general procedure 
F. White solid (105.3 mg, quant). 1H NMR (DMSO-d6) δ = 1.14 (d, 3H, J = 6.7 Hz), 1.40 (s, 9H), 1.64 (m, 6H), 1.91 (m, 
2H), 3.25 (dd, 1H, J = 6.6, 9.3 Hz), 3.28 (s, 3H), 3.44 (dd, 1H, J = 5.8, 9.3 Hz), 3.57 (m, 1H), 4.14 (m, 1H), 4.27 (m, 1H), 
6.67 (br, 2H), 7.25 (m, 1H), 7.41 (br, 1H), 7.57 (m, 2H), 8.04 (d, 1H, J = 8.9 Hz), 8.08 (m, 1H), 8.18 (d, 1H, J = 8.9 Hz). 
LRMS (ESI): 525.3 (M+H)+ 
 
III.1.41. (R)-2-((4-(((1R,4R)-4-Aminocyclohexyl)amino)-6-phenylquinazolin-2-yl)amino)propan-1-ol (III-34b) : 
General procedure G 
A solution of III-28b (101.9 mg, 0.21 mmol) and TFA (2 mL) in CH2Cl2 (2 mL) was stirred at room temperature for 1 h. 
The solvent was removed and the residue was diluted with CHCl3 (3 mL) and 4M NaOH (3 mL). The mixture was stirred 
at room temperature for 30 min. The organic layer was washed with sat. NaCl, then dried over MgSO4 and filtered. The 
solvent was evaporated to give the title compound without further purification as a white amorphous (79.4 mg, 98%). 1H 
NMR (DMSO-d6) δ = 1.14 (d, 3H, J = 6.6 Hz), 1.15 (m, 2H), 1.47 (m, 4H), 1.83 (m, 2H), 1.94 (m, 2H), 2.57 (m, 1H), 3.37 
(m, 1H), 3.48 (m, 1H), 4.07 (m, 2H), 4.80 (m, 1H), 6.13 (br, 1H), 7.26 (d, 1H, J = 8.7 Hz), 7.32 (m, 1H), 7.46 (m, 2H), 






Prepared from III-29b (83.0 mg, 0.16 mmol) by general procedure G. White amorphous (59.3 mg, 89%). 1H NMR 
(DMSO-d6) δ = 1.14 (d, 3H, J = 6.6 Hz), 1.15 (m, 2H), 1.48 (m, 4H), 1.84 (m, 2H), 1.96 (m, 2H), 2.59 (m, 1H), 3.36 (m, 
1H), 3.49 (m, 1H), 4.07 (m, 2H), 4.78 (m, 1H), 6.19 (br, 1H), 7.15 (m, 1H), 7.25 (d, 1H, J = 8.8 Hz), 7.50 (m, 1H), 7.62 
(m, 3H), 7.85 (dd, 1H, J = 2.0, 8.8 Hz), 8.36 (d, 1H, J = 2.0 Hz). LRMS (ESI): 410.2 (M+H)+ 
 
III.1.43. N4-((1S,4S)-4-Aminocyclohexyl)-6-(3-fluorophenyl)-N2-isopropylquinazoline-2,4-diamine (III-36a) 
Prepared from III-30a (881.0 mg, 1.79 mmol) by general procedure G and purified by amino silica gel column 
chromatography (MeOH/CHCl3; 0:100 to 1:9) to give the title compound as pale yellow amorphous (605.1 mg, 86%). 1H 
NMR (CDCl3) δ = 1.27 (d, 6H, J = 6.5 Hz), 1.52 (m, 2H), 1.81 (m, 4H), 1.92 (m, 2H), 3.03 (m, 1H), 4.30 (m, 2H), 4.77 
(br, 1H), 5.57 (br, 1H), 7.04 (m, 1H), 7.31 (m, 1H), 7.41 (m, 2H), 7.47 (d, 1H, J = 8.7 Hz), 7.57 (d, 1H, J = 2.0 Hz), 7.73 




Prepared from III-30b (208.3 mg, 0.41 mmol) by general procedure G and purified by amino silica gel column 
chromatography (MeOH/CHCl3; 0:100 to 1:9) to give the title compound as a white amorphous (154.1 mg, 92%). 1H NMR 
(CDCl3) δ = 1.14 (d, 3H, J = 6.6 Hz), 1.53 (m, 6H), 1.91 (m, 2H), 3.06 (br, 1H), 3.35 (m, 1H), 3.48 (m, 1H), 4.07 (m, 1H), 
4.17 (m, 1H), 4.77 (m, 1H), 6.16 (br, 1H), 7.16 (m, 1H), 7.26 (d, 1H, J = 8.7 Hz), 7.50 (m, 1H), 7.64 (m, 3H), 7.85 (dd, 




Prepared from III-30c (56.9 mg, 0.11 mmol) by general procedure G and purified by amino silica gel column 
chromatography (MeOH/CHCl3; 0:100 to 1:9) to give the title compound as a colorless amorphous (36.1 mg, 78%). 1H 
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NMR (CDCl3) δ = 1.30 (d, 3H, J = 6.7 Hz), 1.59 (m, 2H), 1.80 (m, 4H), 1.91 (m, 2H), 3.03 (m, 1H), 3.40 (s, 3H), 3.43 (dd, 
1H, J = 5.2, 9.2 Hz), 3.53 (dd, 1H, J = 4.5, 9.2 Hz), 4.36 (m, 2H), 5.11 (br, 1H), 5.49 (br, 1H), 7.04 (m, 1H), 7.31 (m, 1H), 




Prepared from III-30d (33.5 mg, 0.06 mmol) by general procedure G and purified by amino silica gel column 
chromatography (MeOH/CHCl3; 0:100 to 1:9) to give the title compound as a white amorphous (18.9 mg. 70%). 1H NMR 
(CDCl3) δ = 1.30 (d, 3H, J = 6.7 Hz), 1.52 (m, 2H), 1.80 (m, 4H), 1.92 (m, 2H), 3.03 (m, 1H), 3.40 (s, 3H), 3.44 (dd, 1H, 
J = 5.3, 9.2 Hz), 3.53 (dd, 1H, J = 4.4, 9.2 Hz), 4.35 (m, 2H), 5.07 (br, 1H), 5.57 (br, 1H), 7.04 (m, 1H), 7.31 (m, 1H), 7.40 
(m, 2H), 7.48 (d, 1H, J = 8.7 Hz), 7.57 (d, 1H, J = 2.0 Hz), 7.73 (dd, 1H, J = 2.0, 8.7 Hz). LRMS (ESI): 424.2 (M+H)+ 
 
III.1.47. N4-((1S,4S)-4-Aminocyclohexyl)-6-(3-fluorophenyl)-N2-(2-methoxyethyl)quinazoline-2,4-diamine (III-36e) 
Prepared from III-30e (56.7 mg, 0.11 mmol) by general procedure G and purified by amino silica gel column 
chromatography (MeOH/CHCl3; 0:100 to 1:9) to give the title compound as a white amorphous (34.9 mg. 77%). 1H NMR 
(CDCl3) δ = 1.52 (m, 2H), 1.80 (m, 4H), 1.92 (m, 2H), 3.04 (m, 1H), 3.41 (s, 3H), 3.61 (t, 2H, J = 5.2 Hz), 3.71 (m, 2H), 
4.35 (m, 1H), 5.36 (br, 1H), 5.62 (br, 1H), 7.04 (m, 1H), 7.31 (m, 1H), 7.42 (m, 2H), 7.51 (d, 1H, J = 8.7 Hz), 7.59 (d, 1H, 




Prepared from III-30f (78.8 mg, 0.16 mmol) by general procedure G and purified by amino silica gel column 
chromatography (MeOH/CHCl3; 0:100 to 1:9) to give the title compound as a slight yellow amorphous (62.5 mg, 99%). 
1H NMR (CDCl3) δ = 1.51 (m, 2H), 1.82 (m, 4H), 1.97 (m, 2H), 3.03 (m, 1H), 3.29 (s, 3H), 3.83 (m, 2H), 3.92 (m, 2H), 
4.34 (m, 1H), 5.64 (br, 1H), 7.04 (m, 1H), 7.31 (m, 1H), 7.41 (m, 2H), 7.48 (d, 1H, J = 8.7 Hz), 7.57 (d, 1H, J = 2.0 Hz), 






Prepared from III-31a (180.5 mg, 0.37 mmol) by general procedure G and purified by amino silica gel column 
chromatography (MeOH/CHCl3; 0:100 to 1:9) to give the title compound as a pale yellow amorphous (136.7 mg, 95%). 
1H NMR (CDCl3) δ = 1.28 (d, 6H, J = 6.5 Hz), 1.51 (m, 4H), 1.80 (m, 4H), 1.91 (m, 2H), 3.05 (m, 1H), 4.33 (m, 1H), 4.44 
(m, 1H), 4.98 (br, 1H), 5.59 (br, 1H), 7.08 (m, 1H), 7.30 (m, 1H), 7.38 (m, 1H), 7.43 (m, 1H), 7.87 (d, 1H, J = 2.4 Hz), 




Prepared from III-31b (40.8 mg, 0.08 mmol) by general procedure G and purified by amino silica gel column 
chromatography (MeOH/CHCl3; 0:100 to 1:9) to give the title compound as a yellow amorphous (30.1 mg, 92%). 1H NMR 
(CDCl3) δ = 1.27 (d, 3H, J = 6.8 Hz), 1.52 (m, 2H), 1.79 (m, 6H), 1.92 (br, 2H), 3.07 (m, 1H), 3.66 (dd, 1H, J = 7.2, 11.0 
Hz), 3.81 (dd, 1H, J = 3.0, 11.0 Hz), 4.32 (m, 1H), 4.38 (br, 1H), 5.20 (br, 1H), 5.82 (br, 1H), 7.07 (m, 1H), 7.29 (m, 1H), 




Prepared from III-32b (33.7 mg, 0.07 mmol) by general procedure G and purified by amino silica gel column 
chromatography (MeOH/CHCl3; 0:100 to 1:9) to give the title compound as a yellow amorphous (24.6 mg, 91%). 1H NMR 
(CDCl3) δ = 1.29 (d, 3H, J = 6.8 Hz), 1.81 (m, 6H), 1.94 (m, 2H), 3.08 (m, 1H), 3.68 (dd, 1H, J = 7.7, 10.8 Hz), 3.82 (dd, 
1H, J = 2.7, 10.8 Hz), 4.29 (m, 2H), 5.12 (br, 1H), 5.74 (br, 1H), 7.08 (m, 1H), 7.44 (m, 1H), 7.60 (s, 1H), 7.72 (m, 2H), 






Prepared from III-33c (49.5 mg, 0.09 mmol) by general procedure G. White amorphous (39.5 mg, 99%). 1H NMR (DMSO-
d6) δ = 1.15 (d, 3H, J = 6.7 Hz), 1.57 (m, 8H), 1.96 (m, 2H), 2.97 (m, 1H), 3.24 (dd, 1H, J = 6.7, 9.3 Hz), 3.28 (s, 3H), 3.44 
(dd, 1H, J = 5.8, 9.3 Hz), 4.12 (m, 1H), 4.27 (m, 1H), 6.61 (br, 1H), 7.24 (m, 1H), 7.58 (m, 3H), 8.06 (d, 1H, J = 8.9 Hz), 




A solution of III-34b (17.2 mg, 0.04 mmol), 1-methylpiperidine-3-carboxylic acid hydrochloride (11.8 mg, 0.07 mmol), 
HATU (25.1 mg, 0.07 mmol) and DIPEA (0.04 ml, 0.22 mmol) in CH2Cl2 (3 mL) was stirred overnight at room temperature. 
The organic layer was washed with H2O and sat. NaCl, then dried over MgSO4 and filtered. After removal of the solvent 
in vacuo, the crude material was loaded on a 0.5 mm NH-plate. The plate was developed with 5%MeOH-AcOEt/hexane 
(1:1) to afford the title compound as a white solid (17.4 mg, 77%). 1H NMR (DMSO-d6) δ = 1.16 (d, 3H, J = 6.6 Hz), 1.63 
(m, 12H), 2.14 (s, 3H), 2.31 (m, 1H), 2.44 (m, 2H), 2.66 (m, 3H), 3.53 (m, 1H), 4.06 (m, 3H), 4.41 (m, 1H), 6.43 (br, 1H), 
7.27 (d, 1H, J = 8.7 Hz), 7.32 (m, 1H), 7.47 (m, 2H), 7.67 (br, 1H), 7.75 (m, 2H), 7.81 (dd, 1H, J = 2.0, 8.7 Hz), 8.34 (d, 




A solution of III-34b (146.2 mg, 0.37 mmol), trans-3-((tert-butoxycarbonyl)amino)cyclobutanecarboxylic acid (96.1 mg, 
0.45 mmol), HATU (213.0 mg, 0.56 mmol) and DIPEA (0.130 mL, 0.75 mmol) in CH2Cl2 (2 mL) was stirred for 2 h at 
room temperature. The mixture was diluted with H2O and CHCl3. The organic layer was washed with H2O and sat. NaCl, 
then dried over MgSO4 and filtered. After removal of the solvent in vacuo, the residue was dispersed in 4M NaOH (5 mL) 
and MeOH (5 mL) and the mixture was heated at 50 °C for 1 h. After cooling, the mixture was evaporated and the residue 
was diluted with CHCl3 and H2O. The organic layer was washed with H2O and sat. NaCl, then dried over MgSO4 and 
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filtered. After removal of the solvent in vacuo, the residue was purified by amino silica gel column chromatography 
(MeOH/AcOEt-hexane (1:1); 0:100 to 1:9) to give the title compound as a white solid, which was recrystallized from 
AcOEt-hexane (149.3 mg, 68%). 1H NMR (DMSO-d6) δ = 1.15 (d, 3H, J = 6.6 Hz), 1.29 (m, 2H), 1.37 (s, 9H), 1.47 (m, 
2H), 1.87 (m, 2H), 2.06 (m, 4H), 2.25 (m, 2H), 2.75 (m, 1H), 3.34 (m, 1H), 3.49 (m, 1H), 3.58 (m, 1H), 4.07 (m, 3H), 4.78 
(br, 1H), 6.14 (br, 1H), 7.12 (br, 1H), 7.27 (d, 1H, J = 8.7 Hz), 7.33 (m, 1H), 7.47 (m, 2H), 7.63 (br, 1H), 7.68 (br, 1H), 




A solution of III-40 (30.2 mg, 0.05 mmol) and TFA (1 mL) in CH2Cl2 (1 mL) was stirred for 1 h at room temperature. 
The solvent was removed and the residue was dissolved with CH2Cl2 (2 mL). 4M NaOH (2 mL) was added and the mixture 
was stirred for 1 h at room temperature. The organic layer was washed with H2O and sat.NaHCO3, then dried over MgSO4 
and filtered. After removal of the solvent in vacuo, the residue was dissolved with CH2Cl2 (1 mL) and acetone (3.77 µL, 
0.051 mmol), AcOH (2.94 µL, 0.051 mmol) and NaBH(OAc)3 (43.5 mg, 0.205 mmol) were added. The mixture was stirred 
overnight at room temperature and the mixture was diluted with H2O and CHCl3. The organic layer was washed with H2O 
and sat. NaCl, then dried over MgSO4 and filtered. After removal of the solvent in vacuo, the residue was purified by amino 
silica gel column chromatography (MeOH/AcOEt-hexane (1:1); 0:100 to 1:5) to give the title compound as a white solid, 
which was recrystallized from CH2Cl2-hexane (19.1 gm, 70%). 1H NMR (DMSO-d6) δ = 0.92 (d, 6H, J = 6.2 Hz), 1.15 (d, 
3H, J = 6.6 Hz), 1.29 (m, 2H), 1.48 (m, 2H), 1.61 (br, 1H), 1.83 (m, 4H), 2.00 (m, 2H), 2.23 (m, 2H), 2.68 (m, 1H), 2.77 
(m, 1H), 3.34 (m, 2H), 3.54 (m, 2H), 4.10 (m, 2H), 4.79 (br, 1H), 6.15 (br, 1H), 7.26 (d, 1H, J = 8.7 Hz), 7.33 (m, 1H), 
7.47 (m, 2H), 7.58 (br, 1H), 7.66 (br, 1H), 7.75 (m, 2H), 7.81 (dd, 1H, J = 2.0, 8.7 Hz), 8.34 (d, 1H, J = 2.0 Hz). HRMS 
(FAB) Calcd for C31H43N6O2+: 531.3442; Found: 531.3437. 
 
III.1.56. (1R,3R)-3-Hydroxy-N-((1R,4R)-4-((2-(((R)-1-hydroxypropan-2-yl)amino)-6-phenylquinazolin-4-
yl)amino)cyclohexyl)cyclobutanecarboxamide (III-42) : General procedure H 
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A solution of III-34b (28.0 mg, 0.07 mmol), trans-3-hydroxycyclobutanecarboxylic acid (8.3 mg, 0.07 mmol), HATU 
(32.6 mg, 0.09 mmol) and DIPEA (0.02 mL, 0.10 mmol) in DMF (1 mL) was stirred at room temperature for 1 h. The 
mixture was diluted with H2O and AcOEt. The organic layer was washed three times with H2O and washed with sat.NaCl, 
then dried over MgSO4 and filtered. After removal of the solvent in vacuo, 4M NaOH (1.0 mL) and MeOH (1.0 mL) was 
added to the residue and the mixture was heated at 70 °C for 20 min. The mixture was evaporated and the residue was 
diluted with CHCl3 and H2O. The organic layer was washed with H2O and sat. NaCl, then dried over MgSO4 and filtered. 
After removal of the solvent in vacuo, the residue was purified by amino silica gel column chromatography (MeOH/AcOEt-
hexane (1:1); 0:100 to 1:5) to give the title compound as a white solid, which was recrystallized from CH2Cl2-hexane (19.2 
mg, 55%). 1H NMR (DMSO-d6) δ = 1.15 (d, 3H, J = 6.6 Hz), 1.29 (m, 2H), 1.46 (m, 2H), 1.85 (m, 2H), 1.96 (m, 4H), 2.26 
(m, 2H), 2.77 (m, 1H), 3.33 (m, 1H), 3.49 (m, 2H), 4.09 (m, 2H), 4.26 (m, 1H), 4.79 (br, 1H), 4.98 (d, 1H, J = 6.3 Hz), 
6.15 (br, 1H), 7.27 (d, 1H, J = 8.7 Hz), 7.33 (m, 2H), 7.47 (m, 2H), 7.63 (m, 2H), 7.75 (m, 2H), 7.81 (dd, 1H, J = 2.0, 8.7 




Prepared from III-35b (17.5 mg, 0.04 mmol) by general procedure H. White solid, which was recrystallized from CH2Cl2-
hexane (13.2 mg, 61%). 1H NMR (DMSO-d6) δ = 1.14 (d, 3H, J = 6.6 Hz), 1.27 (m, 2H), 1.33 (m, 2H), 1.86 (m, 2H), 1.97 
(m, 4H), 2.26 (m, 2H), 2.77 (m, 1H), 3.36 (dd, 1H, J = 6.2, 10.4 Hz), 3.49 (dd, 1H, J = 5.4, 10.4 Hz), 3.57 (m, 1H), 4.09 
(m, 2H), 4.27 (m, 1H), 4.76 (br, 1H), 4.98 (d, 1H, J = 6.2 Hz), 6.22 (br, 1H), 7.15 (m, 1H), 7.26 (d, 1H, J = 8.8 Hz), 7.50 
(m, 1H), 7.62 (m, 4H), 7.85 (dd, 1H, J = 2.0, 8.8 Hz), 8.37 (d, 1H, J = 2.0 Hz). HRMS (FAB) Calcd for C28H35FN5O3+: 




To a stirred solution of III-35b (31.4 mg, 0.08 mmol) and DIPEA (0.02 mL, 0.09 mmol) in THF (2 mL) was added 
dropwise a solution of 4-nitrophenyl chloroformate (15.5 mg, 0.08 mmol) in THF (1 mL) at 0 °C, and the mixture was 
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stirred for 1 h at 0 oC. 3-Hydroxyazetidine hydrochloride (16.8 mg, 0.15 mmol) and DIPEA (0.03 mL, 0.15 mmol) were 
added to the mixture at 0 °C and the mixture was stirred for 2 h at 0°C. The mixture was diluted with H2O and CHCl3. The 
organic layer was washed with H2O and sat. NaCl, then dried over MgSO4 and filtered. After removal of the solvent in 
vacuo, the residue was purified by amino silica gel column chromatography (MeOH/AcOEt-hexane (1:1); 0:100 to 1:9) to 
give the title compound as a white solid, which was recrystallized from CH2Cl2-hexane (6.2 mg, 16%). 1H NMR (DMSO-
d6) δ = 1.15 (d, 3H, J = 6.6 Hz), 1.36 (m, 4H), 1.85 (m, 2H), 1.99 (m, 2H), 3.37 (m, 2H), 3.51 (m, 3H), 3.94 (m, 2H), 4.10 
(m, 2H), 4.35 (m, 1H), 4.76 (br, 1H), 5.51 (d, 1H, J = 6.4 Hz), 6.04 (d, 1H, J = 7.8 Hz), 6.19 (br, 1H), 7.15 (m, 1H), 7.26 
(d, 1H, J = 8.7 Hz), 7.50 (m, 1H), 7.64 (m, 3H), 7.85 (dd, 1H, J = 1.8, 8.7 Hz), 8.34 (d, 1H, J = 1.8 Hz). HRMS (FAB) 
Calcd for C27H34FN6O3+: 509.2671; Found: 509.2689. 
 
III.1.59. 1-((1R,4R)-4-((6-(3-Fluorophenyl)-2-(((R)-1-hydroxypropan-2-yl)amino)quinazolin-4-
yl)amino)cyclohexyl)-3-isopropylurea (III-45) : General procedure I 
A solution of III-35b (15.3 mg, 0.04 mmol) and isopropyl isocyanate (4.0 µL, 0.04 mmol) in CH2Cl2 (2 mL) was stirred 
at 0 °C for 2 h. The mixture was diluted with H2O and CHCl3. The organic layer was washed with H2O and sat. NaCl, then 
dried over MgSO4 and filtered. After removal of the solvent in vacuo, the crude material was loaded on a 0.5 mm NH-
plate. The plate was developed with 5%MeOH-AcOEt/hexane (1:1) to afford the title compound as a white solid (14.6 mg, 
79%). 1H NMR (DMSO-d6) δ = 1.02 (d, 6H, J = 6.5 Hz), 1.15 (d, 3H, J = 6.6 Hz), 1.22 (m, 2H), 1.48 (m, 2H), 1.97 (m, 
4H), 3.38 (m, 3H), 3.49 (m, 1H), 3.65 (m, 1H), 4.10 (m, 2H), 5.52 (d, 1H, J = 7.7 Hz), 5.60 (d, 1H, J = 7.7 Hz), 6.21 (br, 
1H), 7.15 (m, 1H), 7.27 (d, 1H, J = 8.8 Hz), 7.50 (m, 1H), 7.62 (m, 3H), 7.86 (dd, 1H, J = 1.9, 8.8 Hz), 8.37 (d, 1H, J = 1.9 




Prepared from III-36b (12.5 mg, 0.03 mmol) and isocyanatocyclopropane (2.8 mg, 0.03 mmol) by general procedure I. 
White solid (12.7 mg, 84%). 1H NMR (DMSO-d6) δ = 0.31 (m, 2H), 0.56 (m, 2H), 1.14 (d, 3H, J = 6.6 Hz), 1.68 (m, 8H), 
2.43 (m, 1H), 3.35 (dd, 1H, J = 6.2, 10.5 Hz), 3.49 (dd, 1H, J = 5.3, 10.5 Hz), 3.68 (m, 1H), 4.11 (m, 2H), 4.78 (br, 1H), 
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5.74 (d, 1H, J = 6.8 Hz), 6.04 (d, 1H, J = 2.6 Hz), 6.19 (br, 1H), 7.15 (m, 1H), 7.27 (d, 1H, J = 8.8 Hz), 7.49 (m, 1H), 7.55 
(br, 1H), 7.63 (m, 2H), 7.85 (dd, 1H, J = 2.0, 8.8 Hz), 8.41 (d, 1H, J = 2.0 Hz). HRMS (FAB) Calcd for C27H34FN6O2+: 




Prepared from III-36c (31.7 mg, 0.08 mmol) and isocyanatocyclopropane (7.8 µL, 0.11 mmol) by general procedure I. 
White solid (27.2 mg, 72%). 1H NMR (DMSO-d6) δ = 0.31 (m, 2H), 0.56 (m, 2H), 1.14 (d, 3H, J = 6.6 Hz), 1.58 (m, 2H), 
1.74 (m, 6H), 2.43 (m, 1H), 3.25 (m, 1H), 3.28 (s, 3H), 3.44 (m, 1H), 3.68 (br, 1H), 4.11 (m ,1H), 4.25 (m, 1H), 5.74 (d, 
1H, J = 7.0 Hz), 6.03 (d, 1H, J = 2.7 Hz), 6.32 (br, 1H), 7.16 (m, 1H), 7.28 (d, 1H, J = 8.8 Hz), 7.51 (m, 1H), 7.58 (br, 1H), 
7.63 (m, 2H), 7.86 (dd, 1H, J = 2.1, 8.8 Hz), 8.42 (d, 1H, J = 2.1 Hz). HRMS (FAB) Calcd for C28H36FN6O2+: 507.2878; 




Prepared from III-36d (18.9 mg, 0.05 mmol) and isocyanatocyclopropane (4.7 µl, 0.07 mmol) by general procedure I. 
White solid (22.8 mg, quant.). 1H NMR (DMSO-d6) δ = 0.31 (m, 2H), 0.56 (m, 2H), 1.14 (d, 3H, J = 6.7 Hz), 1.58 (m, 2H), 
1.73 (m, 6H), 2.44 (m, 1H), 3.24 (m, 1H), 3.28 (s, 3H), 3.44 (m, 1H), 3.68 (br, 1H), 4.11 (br, 1H), 4.25 (br, 1H), 5.74 (d, 
1H, J = 6.7 Hz), 6.03 (d, 1H, J = 2.6 Hz), 6.32 (br, 1H), 7.15 (m, 1H), 7.27 (d, 1H, J = 8.8 Hz), 7.50 (m, 1H), 7.57 (br, 1H), 
7.63 (m, 2H), 7.85 (dd, 1H, J = 2.1, 8.8 Hz), 8.41 (d, 1H, J = 2.1 Hz). HRMS (FAB) Calcd for C28H36FN6O2+: 507.2878; 




Prepared from III-36a (68.8 mg, 0.18 mmol) and isopropyl isocyanate (20.5 µL, 0.21 mmol) by general procedure I. 
White solid (80.2 mg, 96%). 1H NMR (DMSO-d6) δ = 1.02 (d, 6H, J = 6.5 Hz), 1.15 (d, 6H, J = 6.5 Hz), 1.57 (m, 2H), 
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1.72 (m, 6H), 3.66 (m, 2H), 4.14 (m, 2H), 5.63 (d, 1H, J = 7.7 Hz), 5.77 (d, 1H, J = 6.6 Hz), 6.35 (br, 1H), 7.15 (m, 1H), 
7.27 (br, 1H), 7.49 (m, 1H), 7.53 (br, 1H), 7.63 (m, 2H), 7.84 (dd, 1H, J = 2.0, 8.8 Hz), 8.41 (d, 1H, J = 2.0 Hz). HRMS 




Prepared from III-36b (20.7 mg, 0.05 mmol) and isopropyl isocyanate (5.4 µL, 0.06 mmol) by general procedure I. White 
solid (21.2 mg, 85%). 1H NMR (DMSO-d6) δ = 1.02 (d, 6H, J = 6.5 Hz), 1.14 (d, 3H, J = 6.6 Hz), 1.57 (m, 2H), 1.71 (m, 
6H), 3.36 (dd, 1H, J = 6.1, 10.4 Hz), 3.49 (dd, 1H, J = 5.3, 10.4 Hz), 3.66 (m, 2H), 4.07 (m, 2H), 4.77 (br, 1H), 5.63 (d, 
1H, J = 7.7 Hz), 5.77 (d, 1H, J = 6.6 Hz), 6.20 (br, 1H), 7.15 (m, 1H), 7.27 (d, 1H, J = 8.7 Hz), 7.51 (m, 1H), 7.58 (br, 1H), 





Prepared from III-36c (57.0 mg, 0.14 mmol) and isopropyl isocyanate (15.8 µL, 0.16 mmol) by general procedure I. 
White solid. (52.0 mg, 76%). 1H NMR (CDCl3) δ = 1.15 (d, 6H, J = 6.5 Hz), 1.30 (d, 3H, J = 6.6 Hz), 1.80 (m, 8H), 3.39 
(s, 3H), 3.42 (m, 1H), 3.53 (m, 1H), 3.88 (m, 2H), 4.23 (m, 2H), 4.36 (m, 1H), 4.50 (m, 1H), 5.13(br, 1H), 5.67 (br, 1H), 
7.03 (m, 1H), 7.31 (m, 1H), 7.40 (m, 2H), 7.48 (d, 1H, J = 8.7 Hz), 7.62 (d, 1H, J = 2.0 Hz), 7.74 (dd, 1H, J = 2.0, 8.7 Hz). 




Prepared from III-36e (82.7 mg, 0.20 mmol) and isopropyl isocyanate (21.7 µL, 0.22 mmol) by general procedure I. 
White solid. (87.6 mg, 88%). 1H NMR (CDCl3) δ = 1.15 (d, 6H, J = 6.4 Hz), 1.85 (m, 8H), 3.38 (s, 3H), 3.60 (t, 2H, J = 
5.2 Hz), 3.70 (q, 2H, J = 5.2 Hz), 3.86 (m, 2H), 4.17 (br, 1H), 4.27 (m, 1H), 4.41 (br, 1H), 5.38 (br, 1H), 5.65 (br, 1H), 
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7.04 (m, 1H), 7.32 (m, 1H), 7.40 (m, 2H), 7.50 (d, 1H, J = 8.7 Hz), 7.63 (d, 1H, J = 2.0 Hz), 7.74 (dd, 1H, J = 2.0, 8.7 Hz). 




Prepared from III-36f (24.6 mg, 0.06 mmol) and isopropyl isocyanate (6.5 µL, 0.07 mmol) by general procedure I. White 
solid (21.9 mg, 74%). 1H NMR (DMSO-d6) δ = 1.03 (d, 6H, J = 6.5 Hz), 1.60 (m, 2H), 1.70 (m, 4H), 1.84 (m, 2H), 3.19 
(s, 3H), 3.44 (m, 1H), 3.67 (m, 5H), 4.06 (m, 1H), 4.73 (t, 1H, J = 5.2 Hz), 5.62 (d, 1H, J = 7.7 Hz), 5.79 (d, 1H, J = 6.8 
Hz), 7.15 (m, 1H), 7.31 (d, 1H, J = 8.8 Hz), 7.50 (m, 1H), 7.64 (m, 3H), 7.87 (dd, 1H, J = 2.1, 8.8 Hz), 8.44 (d, 1H, J = 2.1 




Prepared from III-39c (9.6 mg, 0.02 mmol) and isopropyl isocyanate (3.4 µL, 0.03 mmol) by general procedure I. White 
solid (5.4 mg, 46%). 1H NMR (DMSO-d6) δ = 1.03 (d, 6H, J = 6.5 Hz), 1.15 (d, 3H, J = 6.7 Hz), 1.64 (m, 4H), 1.79 (m, 
4H), 3.25 (m, 1H), 3.28 (s, 3H), 3.44 (dd, 1H, J = 5.8, 9.3 Hz), 3.66 (m, 2H), 4.09 (m, 1H), 4.27 (br, 1H), 5.59 (d, 1H, J = 
7.6 Hz), 5.85 (d, 1H, J = 7.4 Hz), 6.65 (br, 1H), 7.26 (m, 1H), 7.46 (br, 1H), 7.54 (m, 1H), 7.67 (m, 1H), 8.04 (d, 1H, J = 
8.9 Hz), 8.12 (m, 1H), 8.18 (d, 1H, J = 8.9 Hz). HRMS (FAB) Calcd for C27H37FN7O2+: 510.2987; Found: 510.2979. 
 
III.1.69. 3-((1S,4S)-4-(6-(3-Fluorophenyl)-2-(isopropylamino)quinazolin-4-ylamino)cyclohexyl)-1-isopropyl-1-
methylurea (III-49a) : General procedure J 
A solution of III-36a (22.8 mg, 0.06 mmol), p-tolyl chloroformate (8.3 µL, 0.06 mmol) and DIPEA (20.2 µL, 0.12 mmol) 
in THF (2 mL) was stirred for 1 h at 0 °C. The mixture was diluted with H2O and CHCl3. The organic layer was washed 
with H2O and sat. NaCl, then dried over MgSO4 and filtered. After removal of the solvent in vacuo, the residue was 
dissolved with MeOH (2 mL) and 2-(methylamino)propane (30.2 µL, 0.290 mmol) was added. The mixture was heated at 
100 °C for 30 min with MW irradiation. After cooling, the mixture was evaporated and the residue was diluted with H2O 
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and CHCl3. The organic layer was washed with H2O and sat. NaCl, then dried over MgSO4 and filtered. After removal of 
the solvent in vacuo, the residue was purified by amino silica gel column chromatography (MeOH/CHCl3; 3:97 to 2:23) to 
give the title compound as a colorless amorphous (20.8 mg, 72%). 1H NMR (CDCl3) δ = 1.10 (d, 6H, J = 6.8 Hz), 1.26 (d, 
6H, J = 6.5 Hz), 1.67 (m, 2H), 1.90 (m, 6H), 2.72 (s, 3H), 3.93 (m, 1H), 4.25 (m, 1H), 4.37 (m, 2H), 4.50 (m, 1H), 5.17 
(br, 1H), 5.75 (br, 1H), 7.04 (m, 1H), 7.32 (m, 1H), 7.42 (m, 2H), 7.47 (d, 1H, J = 8.7 Hz), 7.63 (d, 1H, J = 1.8 Hz), 7.74 




Prepared from III-36b (18.6 mg, 0.05 mmol) and 2-amino-2-methylpropan-1-ol (20.1 mg, 0.23 mmol) by general 
procedure J and purified by 0.5 mm NH-plate (7%MeOH/AcOEt-hexane (1:1)) to give the title compound as a white solid 
(17.5 mg, 73%). 1H NMR (DMSO-d6) δ = 1.13 (d, 3H, J = 6.5 Hz), 1.15 (s, 6H), 1.57 (m, 2H), 1.72 (m, 6H), 3.30 (m, 2H), 
3.36 (m, 1H), 3.49 (m, 1H), 3.63 (br, 1H), 4.08 (m, 2H), 4.73 (br, 1H), 5.17 (t, 1H, J = 5.4 Hz), 5.70 (s, 1H), 6.05 (d, 1H, 
J = 6.3 Hz), 6.19 (br, 1H), 7.15 (m, 1H), 7.27 (d, 1H, J = 8.7 Hz), 7.50 (m, 1H), 7.62 (m, 3H), 7.86 (dd, 1H, J = 2.0, 8.7 




Prepared from III-36b (18.5 mg, 0.05 mmol) and (1-aminocyclopentyl)methanol (26.0 mg, 0.23 mmol) by general 
procedure J and purified by 0.5 mm NH-plate (7%MeOH/AcOEt-hexane (1:1)) to give the title compound as a white solid 
(18.6 mg, 75%). 1H NMR (DMSO-d6) δ = 1.14 (d, 3H, J = 6.6 Hz), 1.66 (m, 16H), 3.36 (dd, 1H, J = 4.3, 10.4 Hz), 3.49 
(dd, 1H, J = 5.3, 10.4 Hz), 3.64 (m, 1H), 4.09 (m, 2H), 4.73 (br, 1H), 5.18 (t, 1H, J = 5.3 Hz), 5.85 (s, 1H), 6.06 (d, 1H, J 
= 6.6 Hz), 6.19 (br, 1H), 7.15 (m, 1H), 7.27 (d, 1H, J = 8.7 Hz), 7.51 (m, 1H), 7.64 (m, 3H), 7.86 (dd, 1H, J = 2.0, 8.7 Hz), 






Prepared from III-36b (13.3 mg, 0.03 mmol) and L-valinol (16.8 mg, 0.16 mmol) by general procedure J and purified by 
0.5 mm NH-plate (8%MeOH/AcOEt-hexane (1:1)) to give the title compound as a white solid (13.2 mg, 75%). 1H NMR 
(DMSO-d6) δ = 0.82 (d, 3H, J = 6.8 Hz), 0.86 (d, 3H, J = 6.8 Hz), 1.15 (d, 3H, J = 6.6 Hz), 1.58 (m, 2H), 1.77 (m, 7H), 
3.30 (m, 1H), 3.38 (m, 3H), 3.49 (m, 1H), 3.67 (br, 1H), 4.08 (m, 2H), 4.57 (t, 1H, J = 5.2 Hz), 4.79 (br, 1H), 5.66 (d, 1H, 
J = 8.4 Hz), 6.03 (d, 1H, J = 6.5 Hz), 6.21 (br, 1H), 7.17 (m, 1H), 7.27 (d, 1H, J = 8.7 Hz), 7.50 (m, 1H), 7.64 (m, 3H), 




Prepared from III-36a (32.7 mg, 0.08 mmol) and D-valinol (25.7 mg, 0.25 mmol) by general procedure J and purified by 
0.5 mm NH-plate (8%MeOH/AcOEt-hexane (1:1)) to give the title compound as a white solid (30.3 mg, 70%). 1H NMR 
(DMSO-d6) δ = 0.82 (d, 3H, J = 6.8 Hz), 0.86 (d, 3H, J = 6.8 Hz), 1.17 (d, 6H, J = 6.5 Hz), 1.59 (m, 2H), 1.77 (m, 7H), 
3.27 (m, 1H), 3.51 (m, 2H), 3.67 (m, 1H), 4.14 (m, 2H), 4.56 (m, 1H), 5.66 (d, 1H, J = 8.4 Hz), 6.03 (d, 1H, J = 6.5 Hz), 
6.34 (br, 1H), 7.14 (m, 1H), 7.27 (d, 1H, J = 8.8 Hz), 7.50 (m, 1H), 7.56 (br, 1H), 7.63 (m, 2H), 7.84 (dd, 1H, J = 2.1, 8.8 




Prepared from III-36b (16.9 mg, 0.04 mmol) and D-valinol (21.3 mg, 0.21 mmol) by general procedure J and purified by 
0.5 mm NH-plate (8%MeOH/AcOEt-hexane (1:1)) to give the title compound as a white solid (14.4 mg, 65%). 1H NMR 
(DMSO-d6) δ = 0.82 (d, 3H, J = 6.8 Hz), 0.86 (d, 3H, J = 6.8 Hz), 1.14 (d, 3H, J = 6.6 Hz), 1.59 (m, 2H), 1.76 (m, 7H), 
3.30 (m, 1H), 3.37 (m, 3H), 3.46 (m, 1H), 3.66 (br, 1H), 4.08 (m, 2H), 4.57 (t, 1H, J = 5.2 Hz), 4.79 (br, 1H), 5.66 (d, 1H, 
J = 8.3 Hz), 6.02 (d, 1H, J = 6.6 Hz), 6.21 (br, 1H), 7.15 (m, 1H), 7.27 (d, 1H, J = 8.7 Hz), 7.50 (m, 1H), 7.64 (m, 3H), 





((R)-1-hydroxy-3-methylbutan-2-yl)urea (III-54a) : General procedure K 
A solution of III-37a (40.7 mg, 0.10 mmol), phenyl chloroformate (13.0 µL, 0.10 mmol) and DIPEA (0.02 mL, 0.12 
mmol) in THF (3 mL) was stirred for 1 h at 0 oC. The mixture was diluted with H2O and CHCl3. The organic layer was 
washed with H2O and sat. NaCl, then dried over MgSO4 and filtered. After removal of the solvent in vacuo, the residue 
was dissolved with a solution of D-valinol (53.2 mg, 0.52 mmol) in MeOH (3 mL). The mixture was heated at 100 °C for 
30 min with MW irradiation. After cooling, the mixture was evaporated and the residue was diluted with H2O and CHCl3. 
The organic layer was washed with H2O and sat. NaCl, then dried over MgSO4 and filtered. After removal of the solvent 
in vacuo, the crude material was loaded on a 0.5 mm NH-plate. The plate was developed with 10%MeOH-AcOEt/hexane 
(1:1) to afforded the title compound as a white solid (47.5 mg, 88%). 1H NMR (DMSO-d6) δ = 0.82 (d, 3H, J = 6.8 Hz), 
0.85 (d, 3H, J = 6.8 Hz), 1.19 (d, 6H, J = 6.5 Hz), 1.72 (m, 9H), 3.27 (m, 1H), 3.39 (m, 2H), 3.42 (m, 1H), 4.11 (m, 1H), 
4.18 (m, 1H), 4.57 (m, 1H), 5.65 (d, 1H, J = 8.3Hz), 6.02 (d, 1H, J = 6.2 Hz), 6.81 (br, 1H), 7.18 (m, 1H), 7.55 (m, 1H), 





Prepared from III-37b (16.9 mg, 0.04 mmol) by general procedure K. White solid (36.4 mg, 50%). 1H NMR (DMSO-d6) 
δ = 0.82 (d, 3H, J = 6.8 Hz), 0.85 (d, 3H, J = 6.8 Hz), 1.16 (d, 3H, J = 6.7 Hz), 1.72 (m, 9H), 3.27 (m, 1H), 3.38 (m, 3H), 
3.50 (m, 1H), 3.65 (m, 1H), 4.10 (m, 2H), 4.57 (m, 1H), 4.76 (br, 1H), 5.65 (d, 1H, J = 8.3 Hz), 6.02 (d, 1H, J = 6.4 Hz), 
6.60 (br, 1H), 7.20 (m, 1H), 7.54 (m, 1H), 7.68 (m, 2H), 7.76 (br, 1H), 8.83 (d, 1H, J = 2.5 Hz), 9.00 (d, 1H, J = 2.5 Hz). 






Prepared from III-38b (16.9 mg, 0.04 mmol) by general procedure K. White solid (11.9 mg, 37%). 1H NMR (DMSO-d6) 
δ = 0.82 (d, 3H, J = 6.8 Hz), 0.86 (d, 3H, J = 6.8 Hz), 1.15 (d, 3H, J = 6.6 Hz), 1.72 (m, 9H), 3.35 (m ,4H), 3.50 (m, 1H), 
3.67 (m, 1H), 4.10 (m, 2H), 4.58 (m, 1H), 4.70 (br, 1H), 5.66 (d, 1H, J = 8.3 Hz), 6.05 (d, 1H, J = 6.6 Hz), 6.53 (br, 1H), 
7.19 (m, 1H), 7.53 (m, 1H), 7.66 (br, 1H), 7.91 (m, 1H), 8.00 (d, 1H, J = 7.8 Hz), 8.60 (s, 1H), 8.66 (s, 1H). HRMS (FAB) 




A solution of III-36b (32.5 mg, 0.08 mmol), 1-methylpiperidine-3-carboxylic acid hydrochloride (14.3 mg, 0.08 mmol), 
HBTU (36.1 mg, 0.10 mmol) and DIPEA (0.07 mL, 0.40 mmol) in CH2Cl2 (3 mL) was stirred at room temperature 
overnight. The mixture was diluted with H2O and CHCl3. The organic layer was washed with H2O and sat. NaCl, then 
dried over MgSO4 and filtered. After removal of the solvent in vacuo, the residue was purified by amino silica gel column 
chromatography (MeOH/AcOEt-hexane (1:1); 0:100 to 1:5) to give the title compound as a white solid, which was 
recrystallized from CH2Cl2-hexane (21.5 mg, 51%). 1H NMR (DMSO-d6) δ = 1.14 (d, 3H, J = 6.6 Hz), 1.37 (m, 3H), 1.62 
(m, 4H), 1.79 (m, 7H), 1.96 (m, 1H), 2.15 (s, 3H), 2.43 (m, 1H), 2.65 (m, 2H), 3.36 (dd, 1H, J = 6.1, 10.4 Hz), 3.49 (dd, 
1H, J = 5.3, 10.4 Hz), 3.76 (m, 1H), 4.08 (m, 2H), 4.77 (br, 1H), 6.20 (br, 1H), 7.15 (m, 1H), 7.27 (d, 1H, J = 8.8 Hz), 7.51 
(m, 2H), 7.64 (m, 2H), 7.78 (br, 1H), 7.85 (dd, 1H, J = 2.0, 8.8 Hz), 8.42 (d, 1H, J = 2.0 Hz). HRMS (FAB) Calcd for 




Prepared from III-24b (22.0 mg, 0.04 mmol) and 2,2-dimethylethenylboronic acid pinacol ester (10.9 µL, 0.05 
mmol) by general procedure F. White solid (19.4 mg, 93%). 1H NMR (DMSO-d6) δ = 1.12 (d, 3H, J = 6.6 Hz), 1.40 
(s, 9H), 1.53 (m, 2H), 1.66 (m, 2H), 1.78 (m, 4H), 1.84 (d, 3H, J = 1.0 Hz), 1.89 (d, 3H, J = 1.0 Hz), 3.34 (dd, 1H, J 
= 6.1, 10.4 Hz), 3.48 (m, 2H), 4.02 (m, 1H), 4.11 (m, 1H), 4.83 (br, 1H), 6.02 (br, 1H), 6.29 (br, 1H), 6.57 (br, 1H), 







Prepared from III-57 (672.7 mg, 1.43 mmol) by general procedure G. White amorphous (491.3 mg, 93%). 1H NMR 
(CDCl3) δ = 1.25 (d, 3H, J = 6.9 Hz), 1.52 (m, 4H), 1.78 (m, 4H), 1.87 (d, 3H, J = 1.1 Hz), 1.92 (d, 3H, J = 1.1 Hz), 
3.01 (m, 1H), 3.64 (dd, 1H, J = 2.2, 10.7 Hz), 3.78 (dd, 1H, J = 8.1, 10.7 Hz), 4.13 (m, 1H), 4.30 (m, 1H), 4.95 (br, 
1H), 5.55 (br, 1H), 6.30 (br, 1H), 7.23 (d, 1H, J = 1.7 Hz), 7.36 (d, 1H, J = 8.6 Hz), 7.45 (dd, 1H, J = 1.7, 8.6 Hz). 




Prepared from III-58 (36.9 mg, 0.10 mmol) and isopropyl isocyanate (10.8 µL, 0.11 mmol) by general procedure I. 
White solid. (44.2 mg, 97%). 1H NMR (DMSO-d6) δ = 1.00 (d, 6H, J = 6.5 Hz), 1.12 (d, 3H, J = 6.5 Hz), 1.64 (m, 
8H), 1.84 (d, 3H, J = 1.0 Hz), 1.89 (d, 3H, J = 1.0 Hz), 3.33 (dd, 1H, J = 6.2, 10.4 Hz), 3.47 (dd, 1H, J = 5.4, 10.4 
Hz), 3.65 (m, 2H), 4.03 (m, 2H), 4.73 (br, 1H), 5.67 (d, 1H, J = 7.7 Hz), 5.73 (d, 1H, J = 6.7 Hz), 6.02 (br, 1H), 6.29 
(s, 1H), 7.15 (d, 1H, J = 8.7 Hz), 7.33 (br, 1H), 7.37 (dd, 1H, J = 1.8, 8.7 Hz), 7.91 (d, 1H, J = 1.8 Hz). HRMS (FAB) 




Prepared from III-58 (508.1 mg, 1.38 mmol) and D-valinol (709.0 mg, 6.88 mmol) by general procedure J. White 
solid (487.3 mg, 71%). 1H NMR (DMSO-d6) δ = 0.82 (d, 3H, J = 6.8 Hz), 0.85 (d, 3H, J = 6.8 Hz), 1.12 (d ,3H, J = 
6.6 Hz), 1.57 (m, 2H), 1.74 (m, 6H), 1.85 (d, 3H, J = 1.0 Hz), 1.89 (d, 3H, J = 1.0 Hz), 3.26 (m, 2H), 3.38 (m, 3H), 
3.47 (dd, 1H, J = 5.3, 10.4 Hz), 3.64 (m, 1H), 4.03 (m, 2H), 4.57 (br, 1H), 4.77 (br, 1H), 5.68 (d, 1H, J = 8.5 Hz), 
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5.99 (d, 1H, J = 6.7 Hz), 6.04 (br, 1H), 6.28 (s, 1H), 7.15 (d, 1H, J = 8.7 Hz), 7.35 (br, 1H), 7.37 (dd, 1H, J = 1.8, 8.7 




A solution of III-60 (15.2 mg, 0.03 mmol) in MeOH (3 mL) was hydrigenated over 10%Pd/C (3.9 mg) at room 
temperature for 1.5 h. The mixture was filtered through Celite filter and the filtrate was evaporated. The residue was 
purified by amino silica gel column chromatography (MeOH/AcOEt-hexane (1:1); 0:100 to 1:9) to give the title 
compound as a white solid (12.7 mg, 83%). 1H NMR (DMSO-d6) δ = 0.82 (d, 3H, J = 6.8 Hz), 0.86 (d, 3H, J = 6.8 
Hz), 0.88 (d, 6H, J = 6.6 Hz), 1.12 (d, 3H, J = 6.6 Hz), 1.73 (m, 12H), 3.27 (m, 2H), 3.41 (m, 2H), 3.47 (dd, 1H, J = 
5.3, 10.1 Hz), 3.65 (m, 1H), 4.01 (m, 2H), 4.57 (br, 1H), 4.82 (br, 1H), 5.67 (d, 1H, J = 8.4 Hz), 5.92 (br, 1H), 6.00 
(d, 1H, J = 6.6 Hz), 7.12 (d, 1H, J = 8.5 Hz), 7.28 (dd, 1H, J = 1.8, 8.5 Hz), 7.30 (br, 1H), 7.88 (d, 1H, J = 1.8 Hz). 
HRMS (FAB) Calcd for C27H45N6O3+: 501.3548; Found: 501.3535. 
 
III.2. In vitro evaluation 
III.2. 1. Human NPR-A agonist activity 
第 I 章、I.3.1 Human NPR-A agonist activity に同じ。 
 
III.2. 2. Rat NPR-A agonist activity 
第 I 章、I.3.2 Rat NPR-A agonist activity に同じ。 
 
III.3. In vivo evaluation 
III.3.1. Animals 
Experiments were performed on male Crl:CD(SD) rats aged 5 to 7 weeks (Charles River Laboratories Japan Inc., Atsugi, 
Japan). All of the experimental protocols for animal studies were approved by the committee for ethics in animal 




III.3.2. Effect on Plasma Cyclic GMP concentration 
The rats were anesthetized with inhalation of isoflurane (Pfizer, NY, USA), and the compounds were intravenously 
infused for 15 min through a catheter placed in a jugular vein. The compounds were dissolved in 0.5% Dimethyl sulfoxide 
and 10% 2-hydroxypropyl-β-cyclodextrin solution. After the compounds infusion, the blood was taken from vena cava and 
immediately transferred to a tube containing EDTA (BD Microtainer®, Becton, Dickinson and Co., NJ, USA). The plasma 
samples were obtained by centrifugation at 10,000 ×g at 4 °C and stored at −30 °C until measurements were performed. 
Plasma cyclic GMP concentrations were measured by radioimmunoassay kit (Yamasa Co., Chiba, Japan). Statistical 
analyses were conducted between plasma cGMP concentration after vehicle administration and those after the compounds 
administration by Student’s t-test. 
 
III.3.3. Diuretic Response in Rats 
The diuretic response to the compound was evaluated according to the method previously reported6 with minor 
modifications. In the present study, the rats were anesthetized with intraperitoneal injection of 100 mg/kg Inactin® (Sigma-
Aldrich Japan K.K., Tokyo Japan), and the compounds were given as a continuous intravenous infusion for 30 min into 
rats. Urine samples were collected before, during and after the compounds administration in every 10 min for totally 90 
min. Each compound was evaluated in 3 rats. The statistical differences were analyzed by Student’s t-test between the 
basal urine volume just before the compound administration and the urine volume after the start of administration. The 
compounds were dissolved in 20% 2-hydroxypropyl-β-cyclodextrin at use.  
 
以上 
 
